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HZ?JXIGAN: \":e had a l i t t l e  de lay  t h i s  morning bu t  
w e ' l l  t r y  t o  s t a r t  o f f  here  and 032' gues t  speaker w i l l  be 
here i n  a few a i n u t e s .  

I ' d  l i k e  t o  welcome you a l l  t o  Goddard Space F l i g h t  
Center and t h e  1973 Goddard Ba t t e ry  Vorkshop. A f u l l  two-day 
meeting i s  planned inc luding  s e a l s ,  s e p a r a t o r s ,  manufacturing 
processes  and improvenents, t e s t  r e s u l t s  and a f i n a l  s e s s i o n  
toxorrow a f t e rnoon  on improved energy-densi ty  system or t h e  
ne t a l -gas ,  metal-hydrogen system, 

The p lans  c a l l  for- s e a l s  amd s e p a r a t o r s  t h i s  morn- 
ing  ana s t o r a g e  experience and manufacturing developments 
t h i s  a f t e rnoon .  \!e may be a l i t t l e  s h o r t  t h i s  morning, so  
the  manufacturing and s t o r a g e  experierice might c reep  i n t o  t h e  
l a t t e r  p a r t  of t h e  morning. 

Now, as i n  t h e  p a s t ,  we encourage a c t i v e  p a r t i c i p a -  
t i o n .  Although papers  a r e  prepared,  your comments and. dis- 
cuss ions  a r e  s o l i c i t e d .  And f e e l  f r e e  t o  come up afld use  any 
or0 t he  chalkboard or t k1e  c h a r t s ,  i f  you f e e l  a ske tch  will 
help  you i n  your d i scuss ion  of t h e  t o p i c  being taken up 
a t  t h e  t ime,  

We a r e  happy aga in  t o  we1co:ne fe l low v i s i t o r s  from 
Canada, France,  Gernany arid t h e  Tietherlands. 

I w i l l  c h a i r  t h e  f i r s t  s e s s i o n  today on s e a l s  and 
s e p a r a t o r s ,  while Floyd Ford will c h a i r  t he  a f t e rnoon  s e s s i o n  
on s t o r a g e  experience and manufacturing developments. 

As you p lan  t o  g i v e  a paper o r  i3. d i scuss ion  of t hese  
t o p i c s ,  p l e a s e  con tac t  e i t h e r  one of us. We hope your meeting 
will be very i n t e r e s t i n g  and i n f o r m t i v e .  

While wetre wai t ing  f o r  our speaker ,  1'11 j u s t  make 
a few announcements t h a t  we had. If you have any ques t ions  on 
t r a v e l ,  t h e  ex tens ion  t o  c a l l  here i s  2221, and t h e y ' l l  t r y  t o  
he lp  you ou t .  I would apprec iace  i t  very much i f  you'd p u r -  
chase tne t i c k e t s  for t h e  c o c k t a i l  p a r t y  before  n o m .  We have 
t o  hase  a cour,t by noon and t h i s  a f t e rnoon  the  p r i c e  n igh t  go 
up due t o  i n f l a t i o n .  

(Laughter . )  
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To t h e  speakers :  p l e a s e  b r i n g  copies  of your s l i d e s  
and viewgraphs t o  t h e  c!iairrmn of t h e  s e s s i o n  as you come up 
t o  the  podiua.  And w!ien rr,ak.ing ques t ions  from t h e  f l o o r  or 
any d i scuss ions  f r o n  t h e  floor, p lease  s t a t e  your name *$cry 
c l e a r l y  for t h e  r eco rde r  and what  you^ a f f i l i a t i o n .  

A s  you know, the  e n t i r e  proceedings are recorded.  
They a r e  also taped and t h i s  i s  put  i n t o  our proceedings which 
we u s u a l l y  try t o  g e t  ou t  t o  you Ni th in  a month or so,  six 
weeks I sappose.  And i t ' s  Enedited and bes ides  t h a t ,  i f  we 
had e d i t e d  i t ,  I t h i n k  it would be a locg  t i m e  be fo re  you 
g o t  i t .  

O n ,  one th ing ,  I ' d  l i k e  t o  pass  around a couple of 
pads  h e r e  for you people t o  put  your a t tendance  and your com- 
pany addres s .  Then we w i l l  u se  t h e s e  f o r  t h e  mail ing l i s t  f o r  
our proceedlngs.  I was hoping -- the  t i n e  i s  j u s t  r i g h t  -- 
h e ' d  g o t  t h e  doors open and h e ' d  come i n ,  Oh, okay, I d i d n ' t  
s ee  you, f i n e .  

A t  t h i s  t ime, we have a s p e c i a l  gues t ,  Mr. Don 
Hearth, who i s  Deputy Di rec to r  of Goddard S m c e  F l i g h t  Center .  
I would lLke to present  Xr, Xiearth, who has some words t o  say 
with  regards  t o  t h e  workshop, b a t t e r i e s ,  and what t h e  f u t u r e  
ho lds .  

Mr. :$earth? 

3EAWY: I was s i t t i n g  r i g h t  ou t  i n  f r o n t  of Tom, 
so  I guess  he d i d n ' t  see m e .  

I ' d  l i k e  t o  welcone you t o  t h e  Center today and t o  
the 1973 Workshop on B a t t e r i e s .  As i n  t h e  p a s t  f i v e  yea r s ,  
Goddard has sponsored t h i s  workshop i n  o rde r  t o  i n s u r e  a re-  
view of c u x e n t  b z t t e r y  technology s o  t h a t  t h e  a p p l i c a t i o n  
of t h i s  technology could be spread  amongst all of t h e  use r s  
and p rov ide r s  of t h i s  technology. 

I t h i n k  any of us involved i n  t echno log ica l  a c t i v i -  
t i e s  recognize that  witn t h e  r a p i d  changes i n  any technology 
t h a t  information exchange i s  very important .  1 know from a 
personal  po in t  of view, I know I c e r t a i f i l y  wouldn't  want t o  
go out  and des ign  an a i r p l a n e  today.  I'd have a l i t t l e  b i t  
of t r o u b l e .  

So, c e r t a i n l y  i n  t h e  area of 
i s  need f o r  information exchange. And 
type of workshop, t h a t  i s ,  a n  iriformal 
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has we l l  serve6 that purpose.  
during the  next t x o  days w i l l  a s s i s t  Gcddard, w i l l  a s s i s t  
o ther  KASA Centers, or  a s s i s t  DOD and i t s  agencies ,  people 
front overseas ,  as b ! e l l  a s  i ndus t ry ,  i n  providing t h e  most 
r ecen t  exchange of experiences and technology i n  the b a t t e r y  
a r e a ,  

Arid we nope t h a t  t h e  meeting 

For t h e  l a s t  t h i r t e e n  yea r s  s i n c e  1960, this Center 
has pursued an a c t i v e  p a r t  i n  r e s m r c h  and development and 
tes t , ing  or' b a t t e r i e s  f o r  s p a e e c r a r t .  There have been many 
r e s x l t s  of t h e s e  e l f o r t s .  They include the non-magnetic 
silver/cadmiunt b a t t e r y ,  the  t h i r d  e l ec t rode ,  t h e  recombina- 
t i o n  e l ec t rodz ,  an inc rease  i n  %he d\epth of discharge from 
a few percent  t o  25 pereeli t  and so  f o r t h .  

There has  been one a r e a  during,  excuse me, during 
t h i s  experience t h a t  r e q u i r e s  contirzued emphasj-s, t h a t  is ,  
t h e  a rea  of a s su r ing  a h i g h - r e l i a b i l i t y ,  uniform product from 
l o t  t o  lot and year  t o  yea r .  

This  r e q i r e m e n t  was recognized during t h e  mid 1960~, 
when product ion problems kept reoccuring i n  t h e  manufacture 
of non-nagnetic c e l l s .  And during 1967, s e v e r a l  probLems 
occurred i n  the  prociuction of nickel/cadaium c e l l s  and i n i t i -  
a t e d  t h e  developxent of a p ~ o c e s s  and ifiaterial  c o n t r o l  spec 
f o r  t h e  manufacture of t hese  c e l l a .  

In  th i s  a r e a ,  p a r t i c i p a t i c n  of a number of people, 
I'm s u r e  who are  here today srid pr.eviass workshop m e t i n g s ,  
have been moat h e l p f u l  i n  developir-g th-is spec,  not  only f o r  
NASA and Goddard but  f o r  b a t t e r y  use r s  i n  t h e  m i l i t a r y ,  corn- 
rnercial  and s p e c i a l i z e d  f i e l d s .  

Present  spacec ra f t  designs and s t u d i e s  a r e  underway 
for missions w e l l  i n t o  t h e  1980s. These missions w i l l  con- 
t i n u e  t o  r equ i r e  b a t t e r i e s ,  p a r t i c u l a r l y  niclcel/cadniiurn bat- 
t e r i e s  as t h e  primary energy s to rage  device.  There a r e ,  
however, two t a s k s  t h a t  a r e  p r e s e n t l y  rece iv ing  inc reas ing  
a t t e n t i o n  witi i in t h a t ,  so  t h a t  I f d  l i k e  t o  mention this  
morning. 

I n  gene ra l ,  they  r e l a t e  t o  spacec ra f t  components 
across  the  board, but  i n  t h e  case  of b a t t e r i e s ,  they include 
two. Fiyst, t h e r e ' s  the s t anda rd iza t ion  oi" b a t t e r i e s  a t  the 
c e l l  l e v e l  and a t  t h e  b a t t e r y  l e v e l .  And secondly,  t h e r e ' s  
t h e  s t anda rd iza t ion  of t h e  t e s t i n g  of b a t t e r i e s ,  i n  p a r t i c u -  
lar, t h e  need f o r  t h e  development of an acce le ra t ed  t e s t  for 
both c e l l s  an2 b a t t e r i e s .  

d 
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bT L ~ O W ,  both oE t h e s e  a r e a s  a r e  t i e d  t o  a concerted 
e f f o r t  on our p a r t  t o  reduce tke co::t of doing bus iness .  And, 
I ~ J - A  this i s  2. Familiar t u l e  :;hat has  k c e n  played f o r  m n y  
3vears, btlt I t h i r k  t h e r e  has Seen a change in t h e  p a s t  few 
years  wi-thin our agency a t  l e a s t ,  in recognizing t h a t  we liave 
reaehr3d tkat s t age  i n  t h e  space prograrc ?]here he a r e  in a p ~ s -  
i t i o r i  $0 reduce s u j s t a n t i a l l y  our c o s t  or' doing business  be- 
cause we no2 have b e t t e r  understanding of how t o  do th ings  i n  
space.  

I t h l n k  t h e  major t e c h n i c a l  cha l lenges  a r e  no longer 
i n  s p a c e c r a f t ,  a s  such, but are  r a t h e r  in t he  experiments and 
i n  tile seQsors t o  be flown by t hese  spacec ra f t .  I th ink  what 
t h l s  means i s  t h a t  eflgineers and I think, 1 q u a l i f y  t o  be one 
of t h o z e ,  no locger  can reinverit  t h e  wheel. Rather what we 
need t o  do  i s  t o  apply our ipgenui ty  and our energ ies  i n t o  
f ind ing  ways t o  reduce c o s t  because, c l e a r l y ,  t h e r e  i s  much 
more ne can do from space than  resources  w i l l  p e r m i t .  

Arzd t h e  cheaper we can Rake OUT missions,  then the 
rnore t h a t  can be done and t h e  g r e a t e r  c o n t r i b u t i o n  t h a t  those 
of us invol;led i n  space can make t o  s o c i e t y  i n  gene ra l .  And 
i t h i n k  t h a t ' s  trine i n  t h e  a r e a  of b a t t e r i e s  as  we l l .  

Kow, a r ecen t  XASA study has  shown tha t  a l l  
missions,  w i t h  t h e  advent of t h e  S h u t t l e ,  can be accomplished 
with fou r  S a s i c  s i z e s  or' nickel/cadrnl-m c e l l s ,  r a t h e r  than the  
30 or inore t h a t  'riave been used i n  t he  past; and t h a t  t i e s  i n t o  
t h e  need f o r  s t anda rd iza t ion .  

I n  a d d i t i o n ,  t h e  developinent of an acce le ra t ed  t e s t  
program? which could reduce years  of t e s t i n g s  t o  a few months, 
we view a s  mandatory, i f  c o s t  of spacec ra f t  b a t t e r i e s  a r e ,  
i n  Tact,  t o  be reduced. 

I t h i n k  t h a t  t h e  c lock  i s  t i c k i n g  on t h i s  problem 
and I would hope t h a t  those  of you here  today w i l l  t ake  Sack 
when you go back h o m ,  a f e e l i n g  t h a t  we r e a l l y  must  so lve  
t h i s  problem. And I t h i n k  t h a t  i f '  we a l l  put our shoulders  
t o  t h e  wneel we w i l l .  

I n  a way, it reminds me of a s t o r y  I heard which i s  
supposed t o  be t r u e  of Winston Churchill- ,  who was being i n t r o -  
duced a t  a -- this  was a f t e r  he was knighted and s h o r t l y  near 
the end of hls c a r e e r  -- he was being intrciluced t o  a univer-  
s i t y  audience i n  England by t h e  Universi ty  Pres ident  or Chancel- 
lor, or whatever. Ar,d this p a r t i c u l a r  i nd iv idua l  f e l t  t h a t  
whenever he introduced the speaker ,  he r e a l l y  should not j u s t  
t a l k  about all t h e  good th ings  about ihe speaker .  b u t  r e a l l y  

d 



needed t o  t a l k  about ,  you know, t h e  whole man. And t h i s  p a r t l -  
c u l a r  i n d i v i d a n l  had always been t roub led  by !Jins t o n  Church i l l  s 
dr inking  1iabit.s and so iie f e l t  t h a t  h e  siniply had t o  mention 
t h a t .  

So, i n  any event ,  as he  was in t roducing  t h a t  g e n t l e -  
man, he poin ted  out  t o  t h e  audierlce t 5 a t  he had coaputed t h a t  
i n  Winstan Chui-chil l!s l i fe t ime he would d r i n k  s u f f i c i e n t  bran- 
dy t o  f i l l  t h e  audi tor ium t o  t h e  f l o o r  t o  t h e  f i r s t  r a i l i n g  o f  
t he  balcony. 

And, then  he proceeded t o  go on and in t roduce  Winston 
C h u r c h i l l .  And Church i l l  g o t  up, and of course you know be had 
a great  sense of hurrior and tile f i r s t  t h i n g  he d i d  was t o . s t a n d  
a t  the  podium Like t h i s  and look down at t h e  floor and then  
lock up a t  t h a t  r a i l i n g  and sa id ,  "So much t o  do i n  so  l i t t l e  
time + 

I 1  

And, I t h i n k  t h a t ' s  OUT problem here -- t h a t  we've 
g o t  a lot t o  do and we r e a l l y  have very  little t i m e  t o  do i t  
and I hope t h a t  t h i s  meeting w i l l  h e l p  t ha t  problem. And we're 
g l a d  t o  have you aga in  and hope you hzve a very product ive  
meeting. Thank you very  much. 

(Applause, ) 

H9,T:LCAN: Thank you very n:uch, Mr, Eearth,  for your 
welconiing zdciress . We 11 s t a r t  off' w i t h  t h e  rneeting t h i s  xorn- 
i n g  and we have two speakers  on s e a l  developments during t h e  
l a s t  yea r  o r  s o ,  Our f i r s t  speaker i s  Steve Gaston, from G r u m -  
mans A i r c r a f t ,  who has a p r e s e n t a t i o n  312 large cek-amic s e a l s  
f o r  nickel/cadniurn. c e l l s .  

GASTON: Good morning. The t o p i c  of my l i t t l e  pre-  
s e n t a t i o n  i s  la rge  c e r a x i c  t e rmina l  s e a l  p rogress .  I'd l i k e  
t o  p r e s e n t  a short r e p o r t  on t h e  progress  made by Grumman on 
large ceramic t e r n i n a l  sea ls  s i n c e  our  last d i scuss ion  on t h i s  
s a b j e c t  i n  t h e  1971 Workshop. 

At t h a t  t ime, we were presented  wi th  evidence showing 
a weakness i n  soxe of the l a r g e - s i z e  ceramic seal  t e rmina l s ,  
which could,and i n  some instar ,ces ,  d i d  g i v e  r i s e  t o  c racking  
i n  t h e  ceramic body w i t h  a r e s u l t a n t  leakage tiirough t h e  s ea l .  

A l l  work presented  here was conducted under t h e  100 
Amp Hour Battery Development Program For large manned space 
s t a t i o n s  on the c o n t r a c t  ~as-311o7k 

( S l i d e  1. ) 
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S l i d e  1 shows t h e  nega t ive  t e rmina l  of one of these  
early 100 Amp Hour Development Ce l l s .  It was cons t ruc ted  i n  
S p r i n g ,  1371. Hai r l ine  c racks  i n  t h e  ceramic under t h e  brace 
j o i n t  and voids  i n  the brace were observed. These c racks  cen- 
t e r e d  around the  ou te r  diameter of t h e  ceramic s l eeve  but d i d  
not extend t o  t h e  inne r  diameter,  thus ,  a leakage pa th  from 
the eel-1's  i n t e r i o r  t o  t h e  e x t e r i o r  was avoided. 

Xowever, t h e  j o i n t  i n t e g r i t y  was ques t ionable  due t o  
th i s  cond i t ion .  S p e c i f i c a l l y ,  I'm talkirig about t h i s  a r e a  
r i g h t  here .  T h i s  one i s  100 t imes enlarged;  you see  i t  here .  

( S l i d e  2.  ) 

S l i d e  2 shows t h e  p o s i t i v e  t e rmina l  of t h e  same c e l l  
and e s s e n t i a l l y  the  same d e f e c t  a s  t h e  nega t ive  te rmina l ,  poss i -  
b l y  you see a l i t t l e  b i t  more pronounced on t h i s  one r i g h t  
t h e r e .  

The first steps t o  r e so lve  t h i s  p o t e n t i a l  problem 
were taken by G r m ~ a n ,  Eagle Picher ,  and Ceramaseal a t  t h e  
1971 Workshop and are  shown i n  S l i d e  3. 

( S l i d e  3 . )  

These a r e  e s s e n t i a l l y  t h e  i tems which we thought a r e  
most important and need modificazion, c o n s i s t s  of t h e  inc rease  
i n  pui-i ty level, e l imina t ion  of sur face ,  which i s  t h e  s i l i c a  
which i s  p o t e n t i a l l y  a t t acked  S y  t h e  KOH and poss ib ly  e prob- 
lem, the  change i n  t h e  r e t a i n e r  material t o  52 percent  n i c k e l  
a l l o y ,  t h e  42 percent  a l l o y  needs 8 copper p l a t i n g ,  which was 
considered i indesirable,  and most e s s e n t i a l ,  t h e  type of compo- 
nent t o l e rance ,  t o  ge t  a b e t t e r  braze  flow. O f  course,  t h e  
g r e a t e r  c o n t r o l  of the braze  ma te r i a l  and t h e  a p p l i c a t i o n  ol" 
t h e  &-A p rovis ions  as tney were developed under t h e  Process 
Var iab le  Study under NAS-521159. 

We a l s o  took a c l o s e  look a t  p o s s i b l e  a l t e r n a t e  sup- 
p l i e r s ,  such a s  G.E. ,  Eiughes and B e l l ' s  Z ieg le r  s e a l .  Since 
a tennina' l  of this s i z e  was not one of t h e i r  o f f - the-she l f  
i tems and eva lua t ion  of any of t h e s e  would have been too c o s t l y  
t o  t h i s  a u s t e r e  program. 

I n  May, 1972, we received sample te rmina ls  wi th  99.5 
and 96 percent  aluminun ceramics.  
found good b raze  j o i n t s ,  but f i n e  h z i r l i n e  cracks.  The  c racks  
i n  t h e  96 percent  aluminum viere s h o r t e r .  There was no cause t o  
ques t ion  t h e  s ea l  i n t e g r i t y  of this t e rmina l  w i th  a 96 percent  
aluminum and it was used f o r  t h e  cons t ruc t ion  of t h e  pasarnetric 

They were exariiined and we 
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c e l l  group or" the 3-00 Ang Hour Ba t t e ry  Program., 

Shor t ly  a f t e r  c o n s t r u c t i o n  conple t ion  o f  these cells, 
leatxtge i n  some of them was observed, silowing tha% t h i s  problem 
was not  f u l l y  reso lvedo I n  Octobey, 3.3'72, it became apparent  
that f u r t h e r  e f fo r t s  on t h i s  ter,minal design would be unsuc- 
c e s s f u l  i n  r e so lv ing  i t s  inhe ren t  problen. 

Consequently, a nevly developed cerainic seal  b u t t  
s e a l  tex-minal was exanined more c l o s e l y ,  A sar;ple cover was 
received a t  G r 3 m a n  i n  Kovernber, 1972, it was m e t a l l u r g i c a l l y  

examined and it i s  sh0r.m i n  S l i d e  4, 

T h i s  t e rmina l  i s  a c t u a l l y  upside down, That i s  the 
t o p  f lag.  T h i s  i s  
a top  flag and t h i s  i s  0- yoatre looking a t  t he  bottorr -- t h i s  
i s  the b u t t  seals. These are enlargements 0% t h i s  j o i n t .  

We modified it from the o r i g i n a l  platform,  

From t h i s  and other tes ts  we  conclude t h a t  t h i s  
t e rmina l  looks s u p e r i o r  t o  those  prev ious ly  supplied.  Some 
iraprovements were suggested,  such as, be t te r  braze fLo14r con t ro l ,  
s i n c e  material f l o a t  towards the per imeter ,  l e a v i n g  less 
material near t h e  i n n e r  diamekr and be t te r  c l ean ing  of the 
bottom well t o  cover.  

E s s e n t i a l l y ,  you see here t h e  b r a z e s  tend  t o  f l o a t  
t o  the o u t s i a e ,  
on t h i s  sarilple which i s  shotrn on S l i d e  5* 

Grumman app l i ed  a rad iographic  examination 

(S l ide  5%) 

One cay1 note  that  void  areas Tn the braze can be 
detected with 'chis non-d.estrcctive %echnique e The t o p  view 
shows two voids,  the  bottom view shows that these voids  are 
l o c a t e d  i n  the  top  cup seal, I guess  you can detect i n  here. 

( S l i d e  3.) 

This  i s  a viewgraph made from the  x-ray and i t ' s  
n o t  q u i t e  as, %he c o n t r a s t  i s  n o t  q u i t e  as b i g  as the x-ray 
had shown, These are the two voids  and i f  you take a c l o s e  
look ,  you can see the corresponding voids  a t  t h e  t o p  cup, 

The Ceramaseal b u t t  seal was subsequently used on 
the l i f e  t e s t  and las t  group of ce l l s  on a 100 Amp Hour 
Development ProgTrarn, The design u t i l i z e d  %he improvements 
t h a t  are shown i n  S l i d e  3, except the i n c r e a s e  113 aluminum 
p u r i t y  t o  9gn5 percen t ,  96 percei1.t puri- ty  was found t o  be 
adequate 
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Every cover used received a top-view radiographic  
examination. A t y p i c a l  sample i s  shown in S l i d e  6 .  

( S l i d e  6.) 

A T 1  of t h e s e  covers have been cons t ruc ted  withoui; 
l eak  p r o b l e m  and many of then  w i l l  be siiipped ' t o  N . A . D .  Crane 
f o r  t e s t i n g .  i n  conclusion,  I would l i k e  t o  say  t h a t  t h e  rad io-  
graphic  examinat ion  of t e rmina l  s e a l s  has added an important,  
Ron-destructive tool t o  i n s u r e  a b e t t e r  q u a l i t y  te rmina l .  It 
i s  app l i ed  best p r i o r  t o  the t e rmina l  tjeld to cover,  s i n c e  i t  
i s  simple t o  examine a t  t h a t  po in t  and l e a s t  c o s t  i s  incur red .  

HEXNSGAN: Thank you, Steve,  Are t 5 e r e  any ques t ions  
on Steve Gaston 's  paper.  Right over t h e r e ,  okay. 

GRIFFIN: My name i s  M r .  G r i f f i n ,  Mallory Bat te ry ,  
Canada. Wnen you apply these  to c e l l s ,  how do youdo t h e  
leakage t e s t i n g ?  

\ 

GASTON: The leakage t e s t i n g  i s  both a helium-leak - 

test and, of course,  a chemical l eak  t e s t .  You apply -- a c t u a l -  
l y  the x-ray has  nothing t o  do with the  leakage test, completely 
independent t e s t .  

t h e  x-ray.  Of course,  i t  would be b e t t e r  a f t e r  t h e  x-ray, s i n c e  
i t  appears  to m e  i t ' s  most d e s i r a b l e  t o  have t h e  x-ray done be- 
f o r e  i t ' s  welded t o  the  cover' and yoz cannot run a leakage t e s t  
t oo  well u n t i l  i t ' s  welded to t h e  cover and run a cover l e a k  
t e s t .  

You can rui? your cover leakage tes t  before  o r  a f t e r  

GRIFFIN: I was wondering i f  t h e r e  was any d i f f e r -  
ence i n  water permeabi l i ty ,  depending upon t h e  amomt of alumi- 
num used i n  t h e  seal .  

GASTON: I d o n ' t  t h ink  I understand your ques t ion .  
Could you r epea t  i t ?  

GRIFFIN: Is a c t u a l l y  t h a t  s ea l  poin t  an access  po in t  
f o r  water vapor from t h e  c e l l  or i s  it a c t u a l l y  j u s t  a mechani- 
c a l  s e a l  i n  t h e  cons t ruc t ion  of t h e  b a t t e r y ?  I n  o the r  words, 
is  it p o s s i b l e  water vapor could g e t  out a t  t h a t  po in t  and 
t h e r e  would be a dependence on the eoriposit ion of t h a t  s e a l ,  
of t h e  ceramic s ea l ?  

GASTON: No, I dongt see how water vapor could g e t  
through t h a t  s e a l .  Maybe Bob Steinhauer  has an answer on 
t ha t .  

STEINHAUER: No. 
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GASTON: I t ' s  a completely hermetic s e a l .  1 don ' t  
see how water vapor could g e t  through t h a t .  

STZINFAUER: I t ' s  a conipletely dense ceramic.  -_ 

There ' s  no p o r o s i t y  t o  i t ,  

GRIFFiN : Thank you. 

'rIZIQTIGAN: Bob Steinhauer ,  d i d  you have a ques t ion?  

STEIitHAUER: I'm cur ious  whether you t e n s i l e  t e s t e d  
t h e  specimens and what were t h e  r e s u l t s .  I n o t i c e  you d i d n ' t  
use back-up ceramic on the t o p  of your s e a l .  I ' m  wondering 
t h e  r a t i o n a l e  p r o  and con on t h a t .  

GASTOPJ: f'ne f i r s t  quest ion,  d i d  you t e n s i l e  t es t ,  
yes,  we d i d .  What were t h e  va lues?  I dor . ' t  have them with 
me. I d o n ' t  r e c a l l .  I would nave t o  g e t  t h i s  t o  you. 

Now, as far as t h e  back-up s e a l ,  we do have -- we 
have two p ieces  of t h e  ceramic, sa I d o n ' t  'know what you 
mean by a back-up s e a l ,  There a r e  three s i z e s .  Naybe I 
should show you t n i s  s l i d e  aga in ,  

STEIRMUER: I d i d n ' t  s ee  t h e  t h i r d  one on t h a t  
s l i d e .  

GASTON: I t h i n k  the  b e s t  one i s  S l i d e  4. 

( S l i d e  4 .  ) 

Okay, I see .  I t ' s  a l i t t l e  b i t  too dark t o  s e e .  
Maybe i f  I show you t h i s  s l i d e ,  i t  w i l l  be b e t t e r .  It i s  
t h e r e ,  1'11 show you this s l i d e ,  It's t h e r e .  It j u s t  came 
out a l i t t l e  b i t  t oo  dark. 

HEKNIGAN: We have one =ore ques t ion  here  f o r  M r .  
Gaston. 

FEDUSKA: (Westinghouse) Are you permit ted t o  des- 
c r i b e  t h e  braz ing  a l l o y  i n  the brazing techlrique employed i n  
making t h e  t e rmina l  2? 

GASTON: I don ' t  t h ink  i t  would be f o r  me t o  say. 
I t h i n k  I could desc r ibe  i t ,  but  I t h i n k  t h e  gentlewan from 
Ceramaseal here ,  they can desc r ibe  i t  i f  they so  d e s i r e  or 
have any comments on that .  Are t h e  gentlemen from Cerarnascal 
here? 

d 
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BREDBENWR: (Ceramaseal) It s an a c t i v e  metal 
braze .  

GASTOX: I wonder i f  you could r epea t  t h a t .  The 
fel low over here  cou ldn l t  hear  you. 

BRZ3BENNER: I t ' s  an a c t i v e  metal  b raze .  The a c t i v e  
metal  i s  t i t an ium powder and t h e  braze  alloy i s  s i lver /copper  
palladium. 

FEDUSKA: I t ' s  done i n  t h e  a i r ?  

GASTON: The braz ing  i t s e l f ?  

FEDUSKA: Is i t  done i n  the  a i r ?  

GASTOX: Is the  braz ing  done i n  a i r  i s  the  ques t ion ,  

3;IEDBENNXR: I t ' s  done i n  vacuum, 

DOGKER: (JPL) D i d  you t e s t  any Ziegler- type s e a l s ?  

GASTON: No, I d i d n ' t  g e t  a chance and mainly we 

We j u s t  d i d n ' t  have any funds i n  'chat prograrn 
d i d n ' t  have s u f f l c i e n t  funds t o  do t h a t .  I would have loved 
t o  do tha t .  
t o  do t h a t .  

E:E'r.TNIGAH: Are t h e r e  any xore ques t ions  for Steve 
Gas ton? 

(No response.  ) 

A l l  r@lght ,  we have one mme d i scuss ion  of s e a l s  
t h i s  morning, which i s  a follow-on t o  Steve Gaston's t a l k ,  i s  . 
Bill Ilarsch, from Eagle P icher .  

HARSCH: Good morning. I'm ail1 Harsch from Zagle 
Picher  and I ' d  l l k e  t o  t h i s  morning t a l k  about a ceraniic s e a l  
improvenent program t h a t  we've had going 3n i n  our p l a n t .  For 
t h e  l as t  year  and a h a l f  we've had a company-funded ii&D Pro- 
gram on ceramic t o  metal  t e rmina l  s e a l s ,  The purpose of the 
program was, o r  s t i l l  is ,  t o  develop a non-corrosive l o n g - l i f e  
te rLnina l  f o r  nickel/cadmium and nickel/hydrogen c e l l s .  

The program s t a r t e d  with t h r e e  manufacturers and a 
s e a l  design compatible wi th  each of tne  nianufacturers was worked 
o u t ,  The design was based mainly on t h e  manufacturer ' s  pro- 
ces s ing  equipment a n d . a l s o  inco rpora t ing  Q S  many of t h e  i m -  
provements i n  ceramic seals t h a t  had been ma6e t o  d a t e ,  

. d  



Each s e a l  design was t e s t e d  f o r  e l e c t r o l y t i c  cor ro-  
s i o n .  It was t es ted  a s  c e l l s  for  c e l l  performance, dynamic 
environxlents, and 1:Lfe cyc l ing .  

Today i w i l l  d i s cuss  the  r e s u l t s  of t h e  e l e c t r o l y t i c  
co r ros ion  t e s t .  Tile t e s t  used was tiie ~ G i l l i a m n ~ E l e c t r o l y t i c  
CorrosLon Test  developed by D r .  Harvey- Seiger  a t  Hel io tek .  The 
t e s t  c o n s i s t s  of charging a n i c k e l  e l e c t r o d e  w i t h  r e spec t  to 
a counter  e l e c t r o d e  i n  potassium hydroxide.  The t e s t  sample 
i s  e l e c t r i c a l l y  connected through a milliammeter to t h e  n i c k e l  
e l e c t r o d e  as shown i n  t h e  f irst  s l i d e .  

(S l ide  7 . )  

In  t h i s  case,  we used s tandard  p o s i t i v e  e l e c t r o d e  
from t h e  nickel/cadmium and negat ive  e l e c t r o d e  was a n i c k e l  
sponge and our tes t  samples a r e  connected as you can see  i n  
t h a t  s l i d e .  

The next  s l i de ,  p l ease .  

( S l i d e  8. ) 

The t e s t  saraple was e l e c t r i c a l l y  connected i n  t h i s  
manner, i n  that  olie t e rmina l  was e l e c t r i c a l l y  connected i n  the 
c i r c u i t  a s  was t h e  cover blank i t se l f ' ,  The reason  we chose 
t o  do t h i s  was so that one t e rmina l  i n  the  test -- I should 
say t h e  brazed area of one t e rmina l  was e l e c t r i c a l l y  i s o l a t e d  
from the t e s t  i t s e l f .  

Now, we used our o r i g i n a l  design te rmina l ,  which 
has no stress r e l i e f  c o l l a r .  It's a 95 percent  aluminum body 
wi th  a s i l v e r  copper braze  and a Molly manganese rne ta l l izer .  
That we used as a c o n t r o l ,  

T'ne second design t e s t e d  was a b u t t  s e a l  geometry 
with a t i t an ium hydride m e t a l l i z e r  and a s i l v e r  cup or p a l l a d -  
i u m  braze ,  whicii, of course,  t h e  b u t t  s e a l  has s t r e s s  r e l i e f  
members. The  second of t h e  new s e a l  designs was what 's  knawn 
a s  t h e  
hydr ide  m e t a l l i z e r .  T h i s  a l s o  had a Molly back-up r i n g ,  which 
we ' l l  talk about i n  a minute.  

11 knife-edge" geometry with a n i o r a l  braze and a t i t a n i u m  

And tiie l a s t  s e a l  design was a b u t t  sea l  geometry 
wi th  n i c k e l  s t r e s s  r e l i e f  menioers and it had a zirconium base 
braze  alloy and a l s o  8. n i o r a l  braze t o  t h e  cover.  

Next s l i d e .  

( S l i d e  9.) 
d 



The r e s u l t s  of the  e l e c t r o l y t i c  cor ros ion  -- t h i s  i s  
t h e  o r l g i n a l  des ign  tha t  welve used on many c e l l s .  A s  you can 
see ,  t h e  l i t t l e  graph on the  bottom, this seal had no p o t t i n g  
material t ha t  i s  normally done on the  top  and bottom. 

We go t  a co r ros ion  c u r r e n t  l i k e  t h i s  w i t h  a peak 
cu r ren t  of 75 m i l l i a m p s .  And then  we had a weight l o s s  of 
.lo2 grams a f t e r  e i g h t  hours .  And looking a t  t h e  braze  j o i n t s ,  
t h i s  t e r m i n a l  i s  t h e  one t h a t  was e l e c t r i c a l l y  connected with 
the  cover.  T h i s  one, brazed t o  t h e  cover,  was brazed t o  t he  
ceramic on t h e  terminal ,  was not  in t he  e l e c t r i c a l  c i r c u i t .  

A s  you can see ,  the cor ros ion  of t h e  brazed m a t e r i a l  
on the braze t o  t he  cover,  but  no co r ros ion  on t h i s  braze.  t o  
t h e  t e rmina l ,  I n  t h i s  case,  you have cor ros ion  of both brazes. 
Next s l i d e .  

( S l i d e  10.) 

We went -- t h e  next  one we put  i n  -- you have one 
more. The next  one was t h e  same design but  wi th  t h e  p o t t i n g  
ina t e r i a l  t h a t ' s  normally put on t h e  s e a l .  A s  you can see ,  
the  co r ros ive  cu r ren t  was reduced s u b s t a n t i a l l y .  It had 11 
mill iamps.  of cor ros ion  c u r r e n t  and t h e  brazes  themselves 
d i d n ' t  show t h e  cor ros ion .  

Next one, p l ease .  

That ' s  e i g h t  hours .  I might add the  inpu t  t o  the 
tes t  was 400 m i l l i a m p s .  and whatever you g e t  from the  o t h e r  
ammeter i s  due t o  t h e  e l e c t r o l y t i c  cor ros ion .  Th i s  is the  
o the r  geometry which was t h e  b u t t  s e a l  and t h e  s i lver /copper  
p a l l a d i u m  braze  and t i t an ium hydride system, and has a corro-  
s i v e  c u r r e n t  of 11 m i l l i a m p s .  and i t  l o s t  .06 grams. 

And the  l a s t  one, p l e a s e ?  

( S l i d e  12.) 

T h i s  i s  the  knife-edge geometry s e a l ,  and it had 
a rather nigh co r ros ive  c u r r e n t  s t a r t i n g  out and then  it f e l l  
off  t o  p r a c t i c a l l y  nothing.  And corning back looking a t  the  
sample, as  you can see,  this has if. illolly back-up r i n g ,  which 
t h e  manufacturer put  t h e r e  t o  e l imina te  some d i f f e r e n c e s  in 
c o e f f i c i e n t s  of expension of t h e  materials used. And t h i s  
i s  b a s i c a l l y  corroded. 
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As ~ O V  can see ,  t h i s  i s  the te rmina l  t h a t  was i n  the 
circu3.t  arid , the Xol ly  r i n y  i s  v i r t u a l l y  gone froin this desi .gn,  
B t i t ,  however, ' there was no s i g n s  of  co r ros ion  on t h e  n i o r a l  
braze secc ions  of' t h e  seal, 

( S l i d e  13.) 

And, f i n a l l y ,  t he  l a s t  design, which i s  a l s o  b u t t  s ea l  
geometry and  a zirccl?.-iurn base ;-,raze, 
s ion ?.or d i d  i t  l o s e  any weight. 
cont inuing  the t e s t ,  
s e a l s  t h a t  live shown you on cyc le  l i f e  and i"Gs a l i t t l e  ear ly  
t o  t e l l  an;-thj-:ig. 

The?&'s only -- probably less  t h a n  1,009 cyc le s  on 

This design had no corro-  
So, as  of  t o d a y ,  we're 

ITe have c e l l s  bui.13 with a11 0% the  
- 

any of t hese  C e l l s ,  Thank you. 

I1E:NI;ILGAPI: Do we have any ques t ions  f o r  P4r. Harsch? 

3ob Steinhauer? 

STSIRKlUZR: Vith regard t o  t he  l a s t  s e a l ,  us ing  zir- 
conium, d i d  you f i n d  any problems wi th  regard t o  the o u t l i n e  
betwee2 t h e  zirconism and the seal '? 

KALZ?SCII: I don ' t  !.:no;.? i f  I: can answer %hat ques t ion .  
We don't have a l l  of t h e  da.62 back on m e t a l l u r g i c a l  par t s  of' 
t h a t  t e rmina l  and I a l s o  dontt kno!;r very rmxh about the 
chemistry 02 i t ,  

STEINHRUER: Nhat percentage of aluminum was used 
i n  that l as t  one? 

€??Ei~TIGAN: D r  ., Font? 

FOUT: What i s  %he vol tage  between your t e rmina l  
during your t e s t ?  

IZARSCH: It was approximately 1,32-1,40 v o l t s s  

FOPTT: I asked you t h i s  because o f  t h e  v a r i e t y  of t h e  
c e l l s  according t o  t h e  v a r i e t y  of t h e  p l a t e s ,  
above, between your p o s i t i v e  c e l l  and we are 0.8, I d o n ' t  th:i,:ii\. 
t h a t  t h i s  k ind  of -test r ep resen t s  exac t ly  what i s  occuring i n  
t h e  c e l l .  , 

means of 1ool;ing f o r  c l e c t r o l y t i c  corvosion 
s e l v e s  are on%y mpresentecl numbers, 

You a r e  0,5 v o l t s  

EM?SCH: You may b e  r i g h t ,  Hoimver, it i s  an e f f e c t i v e  
Tne nuiiibers them- 

1 d o n ' t  know 5.f you c m  





* r  
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F G N T :  Yes, b u t  I think you c a n ' t  p r e d i c t  anythifig 
i n  this  test. f '  ine second poinC id, when you are speaking about 
cu- i -en ' i ,  yoil nave t o  fiea.sure a l s o  the area of the  braze,  which 
t i l f fe ren t  design2 oC covers ,  

Y3u have a very wide range of braze m a t e r i a l  which 
c m  a f f e c t  tile r e s u l t s  of your i n t e n s i t y .  

€iARSCH: I agree  100 percen t ,  Ho>jeveY, what we were 
looking f o r  Is no corros ion ,  ra ther  thm saxe degree of corro-  
sior?. 

iEEI$iIdIGAI\i: Bob SteirJiauer ? 

S T Z I P i T ~ U E Z :  I wozld l i k e  to cowtent on a ques t ion  
Dr. Font asked. The p w p o s e  201' tile higher  vol tage i s  genera l -  
l y  to c r e a t e  an  ove r - t e s t  condi t ion  on. a snort-term b a s i s  f o r  
r a p i d  evG1uati.m of seal m t e r i a l s  I. 

It i s  t r u e  i t  i s  not a l i g h t  t z s t ,  bu t  i t  i s  a 
screen  f o r  m a t e r i a l s .  

LGRIE: I t i n  Charles L u r i e  from Culton, Iinposing too 
high a voltage can do societnirtg o the r  than a c c e l e r a t e  t h e  test. 
ihere i s  a thresholci value below which cor ros ion  w i l l  not  occur 
and was a r y  a"ie:,ipt made by voli;a.ine'iric means t o  be su re  t h a t  
t h i s  t h re sho ld  value was not exceeded 01- that you were at a 
rea.1isti.c vo l tage?  

LWSCH: KO.  Again, l i k e  I s a i d  before  -- 

LUEIE: Is it  poss ib l e  t h a t  usii-ig a double amnetei- 
t es t  and nc t  using a vol tamet r ic  xeans to back i t  up, t h a t  you 
exceeded t h e  p o t e n t i a l  t.hat coiA.d occur  i i i  t h e  c e l l  and t h a t  
you were seeking a coi-rosion mechanism that wouldn' t occur i n  
a nickel/ca&tiun cell during noi-rm1 opera t ion?  

IIARSC€i: I d o n ' t  h o w  tiiat f o r  sure. We d i d n ' t  p e r -  
form t h a t  p a r t  orf the  t e s t ,  We were loalcing for corrosion. 

LU8lE:  O f  course,  it i s  possible to make v i r t u a l l y  
any system corrode i f  you inc rease  t h e  vo l t age?  



HAilSCH:  I-ixqever , t h e  t e s t i n g  done by Steinliauer 
and his people  on m ~ t e r i a l s  p r e t t y  much d i c t a t e d  wimt mater- 
i a l s  :Ve >JcI'e u s i ~ i g  w i t h  tile one e x c e p t i m  of the zi-rconiurn 
based braze a l l o y ,  And so  we nad il p r e t t y  good idea  of' what 
t h e  cor ros ion  p o t e n t i a l  was of t h e  mxterkals  i n  the  sea l .  

-II 7 7.T iih:hi\tIGAN: I b e l i e v e  thst 's  Harvey Seiger  t h a t  would 
l i k e  t o  a sk  a ques t ion .  

(Laughter . )  

SZIGEZ: 1: woulci like t o  make a c o m e n t ,  if I may. 
The t e s t  was developed i n  order  t o  de t e rx ine  wnether t he re  
a r e  p rob le r~s .  I t ' s  not only a co r ros ion  t e s t ,  'out one can have 
a lower over-voltage and t h e r e f o r e  affect t h e  charging of t he  
p o s i t i v e  e l e c t r o d e  or t h e  a f f e c t  of charge-ef f ic iency  of t h e  
p o s i t i v e  e l e c t  rode ,  

And, as you szy, you weigh i t ,  you look a t  t h e  colors, 
and t h a t  will t e l l  you whether you have co r ros ion  and you can 
look for bubbling, ar,d 'chat w i l l  tell you whether you have a 
lavier oxygen evolu t ion  p o t e n t i a l .  

The p o s i t i v e  e l e c t r o d e  i s  i n  there to maintain -- 
one could do i t  v o l t a m e t r i c a l l y  or  t h i s  easy, inexpensive riay. 
If you had a p o s i t i v e  electrocic,  y ~ u  can s imulate  condi t ions  
i n s i d e  a cell, So you charge t h i s  p o s i t i v e  e l ec t rode ,  you 
pzss ci;i-rent thrrjugh i t ,  and you can bring t h e  potent i tz l  up 
t o  a r e a l i s t i c  p o t e n t i a l ,  you can discharge i t ,  b r ing  t h e  poten- 
t i a l s  down t o  a r e a l i s t i c  p o t e n t i a l ,  and see what the  kind of 
d i s t r i b u t i o n s  t h e r e  a r e .  

Xow, t h e  i d e a l  thing, a s  D r .  Font recognizes ,  i s  6 0  
have a sample  02 t h e  s ea l s  t h a t  one's us!-ng. If  one does t h a t ,  
they  c m  h3.ve an idea  of t h e  f r a c t i o n  or" the  current t ha t ' s  
going t o  charge a p a r t i c u l a r  e l ec t rode  and t h i s  s e a l  t h a t  
you ' r e  i n v e s t i g a t i n g .  

HARSCH: Thank you. 

ZE:NNIGAN: We have one ques t ion  f ' i-cm A i j i  Vchiyama, 

UCHIYAMA: Eave you run any t e s t s  oP a thermal 
cyc l ing  n a t u r e ?  I n  other woi-cis, planning a t e s t  a long t h a t  
l i n e ?  

HARSCH: Not i n  our present  program. We're going 
t o  cont inue ,the l i f e  t e s t i n g .  A t  some f u t u r e  d a t e ,  I ' m  su re ,  
we'll be doing therinal cyc l ing  i n  o r c i e ~  t o  f u l l y  qualify the 
c e l l .  



UCEIIYANA: How about Steve Gaston? 

HRRSCH: Steve,  do you have any comment on thermal 
cyc l ing?  

GASTOIJ: Wiiat was t h e  ques t ion?  Z wzsn' t  l i s t e n i n g  -- 
cycl ing  or the  ter:ninal'? 

iilzRSCII: Do you p lan  t o  Oi- have you done any thermal 
cyc l ing  on t h i s  s ea l ?  

GASTON: Pio, 1 have not  and I d o n ' t  p lan  t o ,  1 have 
no mi-e  funds.  

H Z J N I G A R :  D i d  you have another  conment, Bob? Bob 
S t  einhauer ? 

STEIFEAUER: Yes. I t h i n k  t h a t  t h e  vo l t age  used 
i n  your t e s t  i s  not  u n r e a l i s t i c  i f '  ;ou a r e  using a s i n g l e  
te rmina l  header.  Secondly, wi th  regard t o  thi3rmal cyc l ing ,  
I t h i c k  most of thermal cyc l ing  i s  achieved brazes  cyc le  it- 
self. I t ' s  not cycl ing  compzred t o  what t h e  c e l l  sees  i n  o r -  
b i t .  

I 
I guess .1  would l i k e  t o  a sk  t h e  ques t ign  t h a t  I 

asked Steve.  D i d  you perform 03 any of these  seals t e m i l  
t e s t i n g ?  

HAIISCK: Ses .  

STEINHAUEE: ?{hat were t h e  end r e s u l t s ?  

EARSCH: I n  a l l  t h r e e  designs t h a t  were t e s t e d  had 
adequate st i-engih when t e s t e d  t e n s i l l y ,  i n  t he  order  of 30 t o  
GOO pounds, if I remember r i g h t .  

STEINEL4UER: Do you happen t o  remember what Etrea, 
what braze a r e a  t h i s  was i n ?  

HARSCH: No, I don ' t .  

STEINilAUEii: One l a s t  corment. I would t h i n k  t h a t  
t h e  choice of zirconium i s  a good one, 

KliRSC3: Worm Anderson had a ques t ion  from ILC. . 

ANDERSON: Yes, I t i n  t h e  one t h a t  made tile zirconium 
braze  p l u g s f o r  one of t hese  t e s t s .  1 could probably answer 
a couple of the ques t ions  t h a t  came up. 



IJitii rc:;;zrcl %:, i;l?c~-rnrrl cyc l ing ,  we used the same 
b r a z e  f o r  a vz..ric-ty of arc l a q ~ s  that we make and r o u t i n e l y  
recyc le  these brazes, Tiicy are q u i t e  r e s i s t a n t  t o  the Lher- 
mal cyc l ing  condi t ions  

17e have mcasured the t e n s i l e  s t r e n g t h s  using seal 
IG-l5 and t h e  dumbbe l l  spcci_lncns , ixeasured strengths along 
the order  os" 7,090 p,s, i . ,  

n she cerazic teest ?ias used on the seals t h a t  E i l l -  
t e s t e d ,  
with a s t ronge r  ceramic body, 

I $hifilr t h e  s-ircnz-kh could run q u i t e  a b i t  higher 

STEINHAUER: D i d  you p u t  a i r  on it? 
__ APTDSRSON: I d o n ' t  t h i n k  thereOs aY1.y problem -- t h e  

ceramic metal base i s  a sirAF3-e way of a t t a c h i n g  t h e  metal t o  
d i f f e r e n t  l o c a t i o n s .  

ST3ZWAUER: You say brazing to ceramics i s  
s t r i c t l y  z i r co? '  i S?Un. 

AKDERSOM: S'n no t  sayi.lg t h a t .  

H3NiUGAX: Are t h e r e  any Tur ther  corments o r  
ques t ions  on ceramic seals o r  Z ieg le r  s e a l s ?  

If no t ,  we w i l l  proceed OR t o  t h e  sepa ra to r  discus- 
s i o n s  t h i s  zorn ing .  Our f i r s t  spealler i n  t ha t  area is Dr, 
W i l l  S C O - " ~ ,  of TIW Systerizs, who has some information on poly- 
prophylcne t y p e s  of s e p a r a t o r s  , 

SCOTT': 1 might have one coimcnt on seals before  I 
t a l k  about s e p a r a t o r s .  lie have had in-house approximately 
50 anp, hour c e l l s  with large s i z e  t c r x i n a l s  made by the 
Microwave Tube Div is ion  of General  E l e c t r i c  w i t h  a b u t t  seal 
design, a l l  n i c k e l  pax-ts and e s s e n t i a l l y  n i c k e l  brazed, no 
s i l v e r ,  copper o r  molybdenum, 

These c e l l s  have been in-house on t e s t  and s to rage  
var ious  conf i g u s t i o n s  f o r  about  eighteen months a t  t h i s  time 
and we have seen no trace of  any fopm of contamination, COTTO- 
sion, leakage, d i s c o l o r a t i o n  o r  any d e f e c t s  whatsoever i n  any 
o f  those  s e d s  t o  date. 

A s  far  as 1 am aware, t h a t  p a r t i c u l a r  size and 
configuat ion of seal t h a t  we p u t  i n  those  c e l l s  had not  been 
made before  by G,E, 

d 
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A r i d  they  d i d  a good Job, apparent ly ,  

On sepa ra to r s ,  I'd l i k e  t o  desc r ibe  some resu l t s  
"iiat we have seen i:i SORE c o r q a r a t i v e  tests on 20 ampere 
hour c e l l s  cianufactured by  General E l e c t r i c ,  co:?taining 
t h r e e  dii'Ccrcnz .:i,i s of scpctmtorc : gel l~on/nylon 2505; the  
o r i g i n a l  polypropiFlene, designated FT-214.0, vhich was supplied.  
o r i g i n a l l y  by Pellon; and another  polypropylene GAF, kEX-1242. 

1 ,  

The f i r s t  viewgraph shows the  e s s e n t i a l s  of a t e s t  
program ,, 

( S l i d e  

We had 
wi th  the  l e t t e r s  
were three c e l l s  

13aa ) 

a t o t a l  02 1 2  c e l l s  i n  f o u r  groups of three 
des igna t ions  1.1, K, R and S shown there,  There 
each with t h e  two polypropylenes and then  

there were s i x  c e l l s  with nylon t e s t e d  i n  the  e l e c t r i c a l  c i r c u i t s ,  
t h r e e  a t  a t i m e ,  a t o t a l  of s i x  cel ls  with the  nylon, 

The test para.meters  are shown at t n e  bottom there, 
o p r a t e d  with a base plate c o n t r o l l e d  a t  f i v e  degrees l e d  at 
Centigrade,  Tiso d i f f e r e n t  l e n g t h s  of cyc le s  were used a t  
var ious  times dur ing  the t e s t ,  

The dep-bh of d i scharge  idas changed a couple of times 
f o r  var ious  reasons,  from 15 t o  18 ampere hours,  which i s  a 
f a i r l y  high depth of discilarge. 
aI ;?Ds  o r  two-and-a-half amps, depending on yhether i t  was an  
e i h t  o r  a twelve-hour c y c l e  time t h a t  was used, 

The rechayge !':as e i t h e r  two 

The recharge r a t i o  was kept  c l o s e  t o  1,25 anp/hour 
recharge r a t i o , '  T h i s  t e s t  was inteiid-ed t o  be  r e l a t i v e  t o  a 
synchronous o r b i t  app l i ca t ion ,  bu t  i t  i s  an a c c e l e r a t e d  t y p e  
of t e s t  i n  t h a t  t h e r e  were l o t s  of c y c l e s  conducted f a - i r ly  
c l o s e  t o g e t n e r ,  
i n t e r v a l s  with var ious  pe r iods  of t r ickle  charge e 

The cyc le  sets weye i n t e r r u p t e d  at c e r t a i n  

A n d  t h i s  xi11 be  i n d i c a t e d  on t h e  subsequent s l ides ,  
And next s l i d e ,  please? 

( S l i d e  14.) 

T h i s  i s  a s u m a r y  of t h e  chronology of t h e  t e s t .  
Th i s  t e s t  i s  now conipleted. At t he  enci of t h e  t e s t  t h e  groups 
M and N had been on t e s t  f o r  a t o t a l  o f  866 days and the R and 
S, which were the  nylon types,  were 738 days, And you can see 
on dovrii the l i s t  t h e r e  the t o t a l  number of  c y c l e s  and days and 
s o  f o r t h  on this  t e s t  up u n t i l  thi3 time t h a t  it was terminated.  

d 
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Kext s l i d e .  

Th i s  i s  a group of end. of discharge .voltagee A t  the 
end of each of var ious  represezi ta t ive cyc le  sets, t h a t  i s ,  
where, sa,y, 23 ox' 30 o r  140 cgcl-es x e r e  condv.cted cont inuously.  
T h i s  i s  the vol tage  a t  thc  end of t he  las t  discharge of that 
s e t  as the nlxi-:ibex' o:f c,;cles a c c m u l a t e d  

A s  i n d i c a t e d  there, the  depth of dischaLrC;e was 
changed a counle 02 times. 2% inciicaces t h a t ,  as yoc see,  
t h a t  there vas rea l ly  l i t t l e  change i n  t he  end of  discharGe 
vo l t age  u.nt51 all the c e l l s  had exceeded 500 cyc le s  under 
t h e s e  co-idi-i iom and, i i i  most  cases, u n t i l  they had a l l  
exceed.ed 603 cyc le s  , 

Then, a f t e r  600 cyc le s  t h e  one c e l l  i i z  group N 
vent  dovm r a p i d l y  i n  vo l t age  and u l t i m a t e l y  f a i l e d  soon 
a f t e r  t h a t ,  

In . g r o g  Z theye's a 2 a f t e r  t h e  T's, which Means 
t h e r e  i s  m l y  two ce l l s  l e f t  i n  t h a t  se t ,  And then  after 
the  ne::?; J-65 2a;;s o f  ti'Fclzle c:i?ai.ge, a seco.?d cell . 

N had f a i l e d  and s o  t h a t  gi'oup of cell : ;  Iras tai-en o f f  the 
tes t .  

J 

And one c e l l  out of group !.I, a t  t h a t  time, i s  shova 
below ,95 v o l t s ,  rrhich i s  r e a l l y  iiot t o o  bad of v'ol.Li;age f o r  
t h i s  d e p t h  of discharge,  I n  surmary ,  under t h e s e  test 
condi t ions ,  we d i d  get  over 600 cyc le s  a t  €from 15 t o  18 
amp/hour discharge f o r  every discharge out  of these  23 ampere 
hour c e l l s ,  whicn L cons ider  t o  be a p r e t t y  fair p e r f o r m n c e ,  

And you can see t h a t  up until .  600 o r  so cycles  the 
polypropylene sepa ra to r  c e l l s  held t h e i r  own p r e t t y  well  with 
the  sy lo i i  c e l l s .  But aftex- tilai;, f o r  reason which I'll 
mention i n  a minu te ,  s e v e r a l  of the polypropylene sepa ra to r  
cells faAled. 

(Slide l.5ao) 

I be l i eve  the  next  s l i d e  w i l l  show some data on in- 
t e r n a l  i3-pedrtnce i s  neasured at 60 Her tz  for these c e l l s ,  
I n i t i a l l y ,  t h e i r  iiiipedance was all q u i t e  similar, and i l l  t h e  
range from I-;- to 2% milliohms, 

A t  the end ol: the t e s t i n g  the various impederices 
were as i n d i c a t e d  i n  the next  column, 

4 

You can see that of t h e  two groups of polypropylene 
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c e l l s ,  1.i aiicl N, the  impedances of c e l l s  i n  group M had 
increased  s l i = ; h t l y ,  One c e l l  i n  G r o q  N ,  which vas the  GAF 
s e p a r a t o r  material, had i x r c a s e d  hardly a t  a l l ,  whereas 
c e l l s  2 and 3 i n  group IT, had increased  d r a s t i c a l l y ,  

A l l  t h r e e  ce l l s  i n  grour, il were t o r n  down a-t t h a t  
t ine ,  The cel ls  i n  group 1.1 were kept  star-tdiilg by a n d  
a p p r o x i m t e l y  t h r e e  months JIct'Ger, o--ic o--' those ce l l s  tras torn 
down and t h e  impedance was mcasirrcd aga in  a?; the ead of t h a t  
t h r e e - z z i t h  i 3 e ~ i 3 d  and you C a l i  see  t h a t  i n  c e l l  2 of group M 
the  impedance had increased  t o  2.8 milliohriis 

When the c e l l s  vere t o r n  apart, it  was found t h a t  the 
s e p a r a t o r s  i i i  c e l l s  2 and 3 o f  group N were very d r y ,  I n  
fact, t h e r e  vas no i n d i c a t i o p  of any wetness or any e l e c t r o l y t e  
i n  those  separa'cors. 

The KOI-I conten t  was determined by t i t r a t i o n  and found 
t o  be approximately 5 t o  10 percent  of  what was c a l c u l a t e d  t o  
have been i n  t h e  separator.  when those  c e l l s  were newo One c e l l  
i n  grou? R, c e l l  number one, has also been t o r n  dam, a t  least  
s o  far, and the 1 I-I i n  the sepa ra to r s  i n  this c e l l ,  which were 
nylon, p i a s  determined, 

The K3H content  of those sepra , tors  was approximately 
75 pe rcen t  of  aihat was c a l c U a t e d  f o r  a new c e l l ,  

The next  s l i d e  shows some photographs o f  s e p a r a t o r s  
removed from var ious  c e l i s ,  Althoilgh t h e s e  cion'c tell.  you t o o  
much, it g ives  you a fee l  f o r  the  t y p i c a l  appearance of -the 
s e p a r a t o r s  as removed from t h e s e  c e l l s .  

. ( S l i d e  16,) 

T h i s  i s  from group E, c e l l  1, which was the low- 
impedance c e l l  of the  t h r e e  that  had the BTEX-1242 s e p a r a t o r  i n  
i t  and was s t i l l  reasonably v e t  i n  t h i s  c e l l .  The next  
photograph i s  a t y p i c a l  s e p a r a t o r  ou t  of c e l l  2 of g o 7 *  N, 
which vas  the  xorst  c e l l  i n  terms of high r e s i s t a n c e  i n  
s e p a r a t o r  dkyness e 

( S l i d e  370) 

A r i d  it has a no t i ceab ly  m r e  dark-gray material on 
the s e g a r a t o r *  The side of t he  s e p a r a t o r  t h a t  you wre 
seeing here  i s  t h a t  s ide f a c i n g  t h e  negat ive p l a t e s ,  

1 
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There was no v i s i b l e  d i s c o l o r a t i o n  o r  depos i t s  on t h e  opposi te  
side of atiy of  these separators, tha-i; i s ,  t h e  s i c k  f a c i n g  the  
p o s i t i v e  p l a t e s .  

Then, the ne:,:% slide shorn the t y p i c a l  s epa ra to r  
ou t  of the  t h i r d  cell i n  group N, which was also a dyy, high- 
impedance c e l l  a t  t h e  end ol the  t e s t .  

( S l i d e  15 no t  a v a i l a b l e  i n  t h i s  t ra ,nscr ip t  , ) 

And y o u ' l l  n o t i c e  t h a t  it has l e s s ,  a c t u a l l y  less 
v i s i b l e  depos i t  t h a n  tile c e l l  that was wet. I merely p o i n t  
th is  ou t  because t h e r e  i s  some eviderice i n  c e r t a i n  kinds o f  
ce l l s  t h a t  t h e  arnount 02 cadniwi migra t ion  seems t o  be h igher  
i n  c e l l s  that g e t  d rye r  and l e s s  i n  c e l l s  t h a t  ope ra t e  wet,  

I d i d  not see this t;:pe of  c o r r e l a t i o n  whatsoever i n  
t h e s e  c e l l s ,  The l a s t  s l i d e ,  shows a t y p i c a l  separator out  of 
t n e  c e l l  Trom t h i s  t e s t  .that wefve taken  a p a r t  t o  date t h a t  has 
ny loa  sepa ra to r s .  

(S l ide  19.) 

I n  every sepa ra to r  i n  t h i s  c e l l ,  the t o p  upper two 
c o m e r s  o f  %he separator were d r y  and  a l l  of the  e l e c t r o l y t e  
was concent ra ted  i n  t h e  snape tha-t   yo^ s e e  dark ly  co lored  here.  

I can  only specu la t e  t ha t  irhen +he e l e c t r o l y t e  wads 
added t o  this c e l l ,  it went down i n  t h a t  p a t t e r n ,  spread  out ,  
a:id never d i d  get  up i n t o  the upper two corne r s4  

Note a l s o  t h a t  the arioumt of d i s c a l o r a t i o n  i n  gene ra l  
i s  approximately the same l e v e l  as observed i n  many o t h e r  
c e l l s  con ta in ing  polypropylene, wet o r  dry.  

One:,conclusioil t h a t  one might rnr;!ce i s  t h a t  there 
appears t o  be a c e r t a i n  n~unber  o f  days, nw'ber of  cyc le s  o r  
combination the reo f  f o r  which polypropylene separators appear 
t o  be comFarable $0 nylon i n  terms of c e l l  performance a, t  low 
temperatures  
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Photograph of a Typical Polypropylene 
Separator  Bag from a Normal (Met] Cell 

Photograph o f  a Typical Nylon Separator  
bag from a Normal Cell 
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Photograph of a Typical Polypropylene 
Separator Bag from a Hi gh-Impedance 
(Dry) Cell 
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Beyond t h a t ,  t h e r e  appears  t o  be a l o s s  of e lec -  
t r o l y t e  from tile separa1;or which produces  a d ry  sepa ra to r  con- 
d i t i o n ,  t he re fo re  a high itnpeiiancc I n  the  sepa'i'aior, and t h e r e -  
f o r e  a high vol tage  charge and a 1 o ~  voltage discharge condi- 
t i o n .  

I t ' s  not c l e a r  t o  me j u s t  what combination of cyc le s ,  
depth of' discharge,  temperatures and t ime a re  good and bnd 
f o r  polypropylene sepzrators versus nylon r i g h t  now. I t h i n k  
t h i s  still remains t o  be deaons t ra ted  by fur ther .  t e s t i n g .  That 
concludes ii:iiat I have t o  say. 

!iEKiCGAIu': Thank you, W i l l .  Ye have a couple ques- 
t i o n s  h e r e ,  J i m  Dunlop, from Camsat? 

DUIXQP: I have t h r e e  ques t ions ,  How d i d  you r e -  
:nave t h e  separator? D i d  yau have any t r m b l e  removing the 
sepa ra to r  ? 

SCOTT: None at all, It was -- well ,  I ' d  say -there 
was only  t h e  s l i g h t e s t  amount of s t i c k i n g ,  b u t  i n  most cases  
the  sepa ra to r  s l i pped  r i g h t  off w i t h  no f o r c e  at; all, 

DUNLO?: Independently of' whether i t  was polypro- 
pylene 3r n o t ?  

SCGTT: Pia, I would say there was ~lioi-e s t i c k i n g  
wlth nylon tlian wi th  p o l y p r o p y l e m ,  It was sort of indepen- 
dent ,  i n  th i s  case, of the degree of wetness, a t  l e a s t  i n  
these  c e l l s ,  

DKWOP: The o the r  ques t ion :  we observed siniilar 
results with t n e  t e s t i n g  we d id  with nickel/iiydrogen, where 
we were t e s  tirig d i f f e r e n t  types of polypropylene, One woul;j. 
be, we c a l l e d  Ach i l l e s ,  the  o the r  being Hercules.  

We d i d  Zind the same th ing .  Ide t r i e d  out t h e  sepa- 
r a t o r .  The o the r  t h i n g  t h a t  iile d id  observe,  and you probably 
observed t h e  very same tIilng when you took t h e  separabr  out 
it would' ao longer absorb water.  

SCOTT: Yes, I saw the same th ing .  These sepa ra to r s  
had dl i ' ferent  wet t ing c h a r a c t e r i s  t i c s  e n t i r e l y  than 

they d i d  when they  were new. 

DUNLOP: Did  you draw any conclusions on t h i s  -- as 
t o  why? 
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S C O T ? :  T;Icll, only G. theory arid t ha t  i s  t h a t ,  f i r s t  
of 211, the  wet t 8 b i l i t y  t h a t  you obseiave on t hese  polypropylene 
ina tc r ia l s  that vie used rqhen they a r e  new i s  s c r i c t l y  a func t ion  
of t he  su r face  treatment t h a t  i s  app l i ed  during manufacture. 

We d id  not  wash out  these  m a t e r i a l s .  They rciere a s  
received ma te r i a l s .  I th ink  i t  i s  beconiing f a i r l y  wel l  ktiown 
t h a t  t h i s  w e t i a b i l i t y  i s  washed out i n  t h e  body of t h e  c e l l  
Gurirg cyc l ing  i n  one way 31’ ano the r ,  

So, I can only conclude t h a t  t he  wet t ing  agent ,  or 
whatever you want t o  c a l l  i t ,  has d i s s i p a t e d .  It probably 
ends up sornewl:ere i n  t n e  c e l l ,  probably ir, t h e  p l a t e s .  

D’uXLO?: Were these  bag s e p a r a t o r s ?  

SCOTT: Yes. 

IIEHNIGRN: Steve Gaston? 

GASTON: I j u s t  have a conment on our experience of 
using t h e  polypropylene sepa ra to r s  on t h e  o the r  amp hour c e l l s .  
Even though I d o n ’ t  have any long l i f e  t e s t ,  we Tound i n i t i a l l y  
t h a t  polypropylene sepa ra to r s  nave a Lower capac i ty  i f  you 
wash out t h e  wettilzg agents .  

I t ’ s  genei-ally aboat 10 or  15 percent l oxe r  than t h e  
nylon c e l l s .  Tha t ’ s  t h e  oniy problem I have r i g h t  now. If 
you wash the wetting agent ou t ,  you w i l l .  g e t  lower capac i ty .  

HEI4WIGAN: Thank you, Steve Harvey Seiger  ? 

SEIGER: Is anything done t o  avoid an e l e c t r o l y t e  
r e d i s t r i b u t i o n  when these  c e l l s  were o r i -g ina l ly  made? 

SCOTT: Not i n  these  c e l l s ,  

SZ’iGER: Thank you. 

SCOTT: One more comment -- you know, you can make 
nylon do the same th ing .  You can, i f  you do t h e  same th ing  
t o  nylon 8 s  you d o  w i t h  polypropylene, even i n i t i a l l y ,  i t  is ,  
you can make i t  very non-wettable, so  the re ,  you know, i sn’ i ;  
t h a t  much d i f f e r e n c e  i n  c e r t a i n  c h a r a c t e r i s  t i c s  between nylon 
and polypropylene b u t  thei-e i s  a d i f f e r e n c e  i n  the terms of 
t h e  performance, long-term performance of nylon versus  polypro- 
pylene i n  these  c e l l s ,  f o r  reasons which have been, I th ink ,  
theor ized  on here  before .  
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SEIGER: Since y3u cormnentecl, may 1 r;iake another  
ques t ion?  S.ihcn you took t h e s e  c e l i s  apart a t  the  end a f t e r  
they've g m c  thr.ot?gIi a l l  t h e i r  ey.c:Iing, d i d  you tnen n o t i c e  
any d i f f e r e n c e  i n  w e t t a b i l i t y  between t n e  nylon and polypro- 
pylene? 

SCOTT: Very l i t t l e .  

SEIGER: Were they both dry'? 

SCOTT: Well -- 

SEIGER: Both of them not a b l e  t o  wet? 

SCGTT: Yes, we l i k e  t o  look a t  t h i s  under a micro- 
scope and you can put t h e  sepa ra to r  down, you can drop a drop 
of e l e c t r o l y t e  on t h e r e  and you can sit and watch i t  a l l  day 
an6 it j u s t  s i t s  t h e r e  on e i t h e r  one, Tdlnereas, when t h e y ' r e  
new, i t ' l l ,  wel l ,  a c t u a l l y  i t ' s  i n t e r e s t i n g ,  

On new nylon, i t  t akes  aboilt f i v e  minutes f o r  a 
drop to d i spe r se .  On c e r t a i n  02 t hese  new polypropylenes -- 
i t ' s  ''zap'' -- i t ' s  gor,e i n  about t h r e e  seconds. So, i t  j u s t  
looks l i k e  it's almost t h e  r eve r se  when t h e y ' r e  new. 

D r .  Font? 

FOKT: I have a ques t ion .  Have you measured t h e  
weight loss  of t h e  sepa ra to r  before  manufacturing? 

The second p a r t  I have: ' do you have the  same amount 
of e l e c t r o l y t e  i n  your cells with nylon and with polypropylene? 

SCOTT: These -- 1" might say t h a t  t h i s  t e s t  was a, 
was not a h ighly-cont ro l led  t e s t .  It was a t e s t  of cornriercial- 
l y  a v a i l a b l e  s t a t e  of t he  a r t  c e l l s  a s  of about two yea r s  ago. 
So, we had no opportuni ty  t o  measure t h e  weights of t h e  separa- 
t o r s ,  i f i i t i a l l y ,  s o  we don ' t  know what t h e  weight l o s s  is .  

And the  amount of t he  e l e c t r o l y t e  was t h a t  which 
was recocmended by t h e  manufzcturer a t  t he  time t h e  c e l l s  
were b u i l t  and it was d i f f e r e n t  between the two d i f f e r e n t  
c e l l s .  

HEKNIGAN: Iv'e had a ques t ion  ove r  -- back t h e r e .  

GRIFFIN: One th ing  -- each year  we t d k  here ,  going 
back from 1970, 1971, 1972, the  same conments come UD. The 
one t h a t  irmediatelycomes t o  mind .is, "How . i s  the  cell f i l l e d ? ! '  
Was i.t air-removed from t h c  separa tec  composite from t h e  
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e l e c t r o d e s  and then  the  eLcctr!pjie Ap..&i.na I t h i n k  t h i s  was men- 
t i m e d  l a s t  year .  

Gne fundanienkal. Lning about geLting the a i r  3ut of 
t h e  sep? ra to r ,  g e t t i n g  out  3ir of t h e  system be fo re  you can 
put t he  e x t r a  (block) i n .  Then t h i s  r i s e s  t he  ques t ion  of 
p e c u l i a r i t y  because we're a l l  t a l k i n g  absut  wet -mt .  

a u t ,  y e t ,  r e a l l y  1 would t h i n k  t h a t  a wet t ing  agent  
r e a l l y  doesn ' t  make t h a t  niuch d i f feyence  t o  tine t o t a l  wet t ing  
space avallc 'ole.  I n  o the r  vords,  haw much e l e c t r o l y t e  yau can 
g e t  i n t o  t h e  spectrum. 

With the  nylon and polyprapylene,  we've go t  a p r e t t y  
hydrosc3plc s t r u c t u r e  anyway, \<e wouldnf t  expect  the wet-out 
t o  be all t h a t  g r e a t  and the  only  r e a s a n  t h a t  the polypropylene 
works i s  because of t h a t  extrudir,g agent  on t h e  o t h e r  s i d e .  

And n y l m  i s  p r e t t y  slow anyway, s o  the  vacuum system 
i s  very g o ~ d .  And i n  both cases  I ' d  also l i k e  t c ~  pa in t  ou t  
t h a t  one t h i n g  t h a t  i s  very,  very  important when we're  dea l ing  
wi th  very smal le r  c e l l s ,  and I th ink  t h i s  might; be c o n s t i t u t e d  
i n  your bus iness  too ,  i s  t h e  c o n t r o l  on t h e  i n i t i a l  product 
t ha t  t h e  s e p a r a t o r  manufacturer s e l l s  us .  

I know Eagle Picher  has a very f u l l  s p e c i f i c a t i o n  
fo r  nylon. I ' v e  y e t  t o  see  one f o r  polypropylene put i n t o  
your r e p o r t s  and I t h i n k  t h e r e  i s  a fundamental d i f f e r e n c e  
t h a t  i f  y o u ' r e  a f t e r  something foi. t h e  l a s t  t e n  yea r s  and 
you put such a heck of money i n t o  t h a t  and such a l o t  of e f f o r t  
int:, eva lua t ing  a l l  of tills Work, you should a t  l e a s t  put t he  
same propor t ion  of money i n t o  t h e  s t a r t i n g  p o i n t ,  

I would l i k e  t o  see  you even cons ider  t ak ing  each 
s e p a r a t o r  and dec id ing:  (I) d o  we use t h e  same th i ckness  i n  
each case  01' do we a c t u a l l y  s ta r t  o f f  w i th  tlie sane compres- 
s i o n  p res su re  of e l e c t r o d e s  on t h e  m a t e r i a l ?  

I ' d  l i k e  to see  t h e s e  ques t ions  answered t o  r e a l l y  
h e l p  t h i s  f i n a l  a n a l y s i s ,  whlcii i s ,  you know, very d e t a i l e d  
and very,  i n  one sense  not  c o n t r o l l e d ,  because each time we come 
t o  t h e  ques t ion ,  "Gas i s  drawing out of the  GAF o r  t h e  poly- 
propylene o r  was t h e r e  something wrong i n i t i a l - l y  when you put 
t h e  c e l l  t oge the r?"  

And t h e  f i n a l  comment: someone sa id  l a s t  year ,  
"Vnen y o u ' r e  designing a c c e l e r a t o r  tes ts , ' '  he suggested t h a t  
you should be r e a l l y  c e r t a i n  i n  t h e  i d e a l  ca se ,  t ha t  t h e  f a i l -  
u r e  mechanism a t  t h e  end was the  sante as the f a i l u r e  mechanism, 
i n  say,  t e n  yea r s .  
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I wouLci l i k e  t o  ask one f i n a l  ques t ion ,  a f t e r  t h a t  
speech. Was t h e  €failure mechanism, i n  you- o p i n l m ,  a r e  these  
c e l l a  similar t o  what one would expect 011 a f ive-year  l i f e  c e l l  
or how 1rlany orbits of space o r b i t s  one would consider  f o r  
t h i s  type?  

SCL?TT: S h a l l  I answer t h a t ?  

HEF?BIGAN: He was making comments pr imar i ly .  

SCOTT: A s  f a r  a s  I h o w ,  t h e r e  i s  no e s t a b l i s h e d  
h i s t o r y  or" l i f e - t e s t i n g ,  rea l - t ime l i f e - t e s t i n g  of polypropy- 
lene sepa ra to r s ,  t h a t  i s ,  i n  t h e  sense t h a t  t h e r e  a r e  known 
f a i l u r e s  t h a t  have been analyzed i n  the  mechanisin a c t u a l l y  es -  
t a b l i s h e d  f o r  rea l - t ime l i f e  t e s t s  i n  access  of a couple of 
years  or nore ,  

That may not be s t r i c t l y  c o r r e c t ,  but i t ' s  not  well-  
'known a t  l e a s t ,  so I don ' t  'mow t h a t  W P  nave acything r e a l l y  
t o  conpare i t  with,  a t  l e a s t  e s p e c i a l l y  f o r  a f i v e  t o  seven 
year  mission. 

KENNIGAiq: I was j u s t  going t o  say t h a t  tomorrow 
w e ' l l  have a t a l k  by Don Mains on t h e  Accelerated Tes t .  Tha t ' s  
a c t u a l l y  a planned t e s t  t o  c o r r e l a t e  long l i f e  with very s h o r t  
s t r e s s  cyc l ing .  

And t h i s  i s  a very,  a t  t h i s  time i t ' s  a very b i g  
t e s t  you nave t o  riul t o  g e t  an acce le ra t ed  t e s t  that we hope 
w i l l  come down t o  an  economical t e s t ,  So, tomorrow, h e ' l l  be 
d iscuss ing  tha t  just f o r  your inf'orrnation. 

Lou Belove? 

i3ELOVE: D r .  S c o t t  mentioned r e a l - l i f e  t ime. Now, 
I t h i n k  t h e  Canadian i s  here ,  b u t  we have some data on r e a l -  
l i f e  t ime of polypropylene cel ls . ,  

SCOTT: You don ' t  have esbabl ished f a i l u r e s  t h a t  
have been analyzed, though. Tha t ' s  my poin t .  

BELOVE: I th ink  we have more than t e n  years .  I 
would l i k e  t o  br ing  t h i s  up: we do know t h a t  polypropylene 
c e l l s  have been i n  o r b i t  f o r  more than t e n  yea r s  and they  a r e  
func t ioning  success fu l ly  during t h a t  per iod ,  

SCOTT: That. 's r i g h t ,  a t  t e n  percent  depth of d i s -  
charge.  

BELOVE: Right,  s o  t h a t  we have t o  know t h i s ,  t h a t  
whether i t ' s  ;a depth of discharge o r  whether i t  i s  a c t u a l l y  
the  types 02 polypropylene or -- t h e r e ' s  one th ing  I d idn! t  
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hear -- how much KOiT was added t o  t h e s e  c e l l s ?  Xnat was t h e  
d i f f e r e n c e  between t h e  nylon and the  polyprDpylene i.n the 
c e l l s  i n  tile amount of KOI-I added t o  them? 

SCOTT: Yes, do you mean percentage-wise? 

i3ELOVZ: Because t h e  tendency i s  --- or has been, I 
should say  -- nas been i n  the pas t  used f a r  l e s s  I<OH than 
polypropylene. 

SCOTT: Tha t ' s  . r i g h t  and i n  t h i s  case t h a t  was t h e  
d i r e c t i o n  of t he  d i f f e rence .  

BELOVE: Might i t  not  be t h a t  s i t u a t i o n  t h a t  c r ea t ed  
t h i s  drying-out e f f e c t ?  

SCOTT: It c e r t a i n l y  might,  I t h i n k  it  Is becoming 
c l e a r  t h a t  could be a rnajoi- cause of t h i s  pi-oblem, bu t ,  you 
h o w  a s  I say, t h a t  wasn ' t  t h a t  c l e a r  two years  when t h i s  
t e s t  was s t a r t e d .  

HEPWIGAN: I t h i n k  i t ' s  afl unfor tuna te  -- t h e  f a c t  
when I t a l k e d  l a t e r  on t h e  -- we have (sa l i sman)  and cyc le  
f o r ,  you Iino~;, t h r e e  or fou r  years ,  and we're taking looks a t  
s epa ra to r s  naw. And way back then, you wish you knew what 
you knew now. 

i?'loyd Ford? 

F33iiD: (KASA-Goddard) I n  regards t o  Lou Belove's 
coimient, I t h i n k  i t  should be pointed out t h a t  those are 
cyl indr ica l .  c e l l s  t h a t  he i s  r e f e r r i n g  t o .  And along t h a t  
l i n e ,  I had a ques t ion  f o r  Dr. S c o t t .  

I th ink  we're f a i l i n g  t o  look a t  the  c e l l  a s  a f u l l -  
i n t e g r a t e d  system, When you look a t  a c e l l  and analyze the  
sepa ra to r ,  you loak at i t  a s  a conple te  component of the  c e l l ,  
a u t  t h e  c e l l  i s  a very dynamic env i romen t  and t h e  po in t  i s  
simply t h i s :  I c a n ' t  accept  t h e  f a c t  t h a t  mechanical pressure  
t h a t  i s  c rea t ed  first when a c e l l  i s  assembled, second, with 
expansion and growt? of p o s i t i v e  p l a t e s  wi th  cycled l i f e ,  as 
has been dax.mented t h a t  t h i s  i s  not  a s i g n i f i c a n t  f a c t a r ,  and 
t ixis  r e d i f f u s i o n  of t h e  e l e c t r o l y t e ,  

So, t h e  ques t ion  i s ,  d i d  you look a t  t he  p o s i t i v e  
p l a t e s  or d i d  you t r y  t o  l o c a t e  where t h e  e l e c t r o l y t e  was? If 
i t  wasn't  i n  the sepa ra to r ,  do you know where i t  was? 

SCOTT: I'm not s u r e  where i t  a l l  is y e t .  We have 
analyzed t h e  p,lates f o r  potassium hydroxide.  I can account for 



something l i k e  90 percent  of t h e  orlg.i.nal KO!I t h a t  was added t o  
the  c e l l .  I know t n a t  t h e r e  a r e  so:ne t r i c k y  th ings  about t r y -  
ing t o  f i n d  a l l  of t h e  KOH that you put i n t o  a c e l l  a f t e r  a 
long cyc le  l i f e ,  

I ' m  not su re  t h a t  I know e x a c t l y  how' t o  do t h a t .  But 
with a f a i r l y  simple approach of pu lver iz ing  and analyzing the  
p l a t e  m a t e r i a l s ,  I can show where mast o f ,  whei-e the re  has been 
a migrat ion of po ta s s iw '  hydroxide from the  sepa ra to r s  i n t o  
t h e  p l a t e s .  

FORD: Wiich p l a t e s  i n  p a r t i c u l a r ?  

SCOTT: The negat ives ,  p r imzr i ly .  

FORD: I n  the  nega t ives?  

HZLrNIGAN: Bob Stcinhauer? 

I 

ST?CIEkUZR; Do you be l i eve  t h a t  your impedance mea- 
surements and perhaps the observat ions made on separa tor  dryness 
depend upon t h e  s t a t e  ol" charge of those  c e l l s ,  when opened 
or measured? And i n  p a r t i c u l a r ,  when opened for t h e  c e l l s  
s t rapped out wi th  r e s i s t o r s .  

i 

Should we be looking a t  t h i s  s o r t  of t h ing  before  
eva lua t ing  t n e  e l e c t r o l y t e ?  

SCOTT: %hen a c e l l  is i n  f a i r l y  new cond i t ion  with 
r e spec t  t o  e l e c t r o l y t e  d i s t r i b u t i o n  and because of t h a t  t h e  
impedance i s  p r e t t y  low and f a i r l y ,  l e t ' s  say, normal, which 
you' d expect 

I b e l i e v e  i t  i s  inpor t an t  t o  'mow what t h e  s t a t e  of 
charge i s  acd what t h e  -- and a number of o the r  f a c t o r s  w i l l  
afr"ect t h e  exact  value of ixpedance t h a t  you measure. 

However, when t h e  c e l l s  a r e  i n  the  condi t ion  t h a t  
c e r t a i n  of t hese  I mention here  a r e ,  with r e spec t  t o  dryness 
of t he  sepa ra to r ,  i t  doesn ' t  matter what you do t o  t h a t  c e l l ,  
yoil always g e t  a very high number. 

a i  We g e t  e s s e n t i a l l y  t h e  same number whether i t ' s  
charged, discharged, or anything e l s e ,  I n  o ther  words, t h a t  
high r e s i s t a n c e  i s  dominating, i n  t h e  sepa ra to r ,  i s  dominating 
t h e  r e s u l t s  t h a t  you g e t ,  

And you c a n ' t  change t h a t  no matter  what you do, 
Excuse me, one rmre comment. I do know tha t ,  f o r  example, i n  
f a i r l y  new c e l l s  t i ia t  a r e  marginal as Par as e l e c t r o l y t e .  i s  

d 
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r i  

concerned, if you discharge therii very deeply,  you can g e t  a 
r e l a t i v e l y  high iinpedance versus  the  value you measure when 
they a r e  f u l l y  charged because you a r e  using up water i n  the  
discharge process ,  

And i f  they d o n ' t  nave enough e l e c t r o l y t e  you can 
t e l l  by measuring t h e  impedance when t h e y ' r e  completely d i s -  
charged. T h a t ' s  a n i f t y  l i t t l e  t h i n g  t o  do, i f  you ' r e  con- 
cerned about e l e c t r o l y t e .  

STEINHAUE2: blell, when you open these  c e l l s  and 
we keep t a l k i n g  about s t i c k i n g  i n  a s o r t  of a r e l a t i v e  term. 
If  you open t h e  c e l l s  a f t e r  they 've been s t rapped out v z r s u s  
opening them a t ,  say,  50 percent  s t a t e  of charge, then  you 
would make a d i f f e r e n t  observa t ion?  

SCOTT: I t h i n k  you would a t  a c ' e r ta in  stcige i n  t h e  
migrat ion of t h e  e l e c t r o l y t e ,  zaybe sone in tz rmedia te  s t age .  
I s t i l l  f e e l  t h a t  when c e l l s  have gone a s  f a r  as t hese  two 
high-impedance ones a r e ,  t h a t  i t  wouldn't  make any d i f f e rence .  

HEi\TNIGAN : Rov~ land Gr i f f  i n ?  

GRIFFIM: One i n t e r e s t i n g  th ing  t h a t  came out a 
while ago was t h a t  Hercules was t h e  only m a t e r i a l  t h a t  I 
remein'oer anyone ever see ing  t h a t  absorbed more e l e c t r o l y t e  
i n i t i a l l y  than pe l lon .  

And, i t  was used i n  some c e l l s  descr ibed l a s t  year  
and t h e  year be fo re  and i.t came up r a t h e r  wel l ,  1 t h i n k  D r .  
Hennigan's e l e c t r o l y t e  t e s t .  

One thing, i n  looking a t  t h e  th ree  m a t e r i a l s  you 
put on t h e  board,  t h e  p e l i o n  205 has c e r t a i n  -- well,  l e t ' s  
say 1.5 f o r  argument 's  sake ,  
design i n  Germany t h a t  was s i m i l a r ,  1.5 approximately.  

And tile FT 211CO was a m a t e r i a l  

So we have tw$o d i f f e r e n t ,  with s i m i l a r  (denier) .  So 
we have a high e l e c t r o l y t e  absorp t ion  here .  The WEX 1242 i s  
probably similar, about t h r e e  (denier ) .  You expect a l o t  much 
d i f f e r e n c e  due t o  t h e  f i b e r  cons t ruc t i an ,  

11 One has  t o  coax Sack t o  t h e  f i n a l  answer, Well, what 
i s  happening t=> t h e  e l e c t r o d e s  a s  a fLuzction of time?' '  
you t ake  s i m i l a r i t y  p o l a r i t y  f o r c e s  and c9nsider  t h i s :  i f  t h e  
two were t h e  same, one would expect the e l e c t r o l y t e  to s t a y  
t h e r e  and cyc le  bacicwal-ds and forwards depending upon what you ' re  
doing t o  the, charge cyc le .  

I f  

But if', for i n s t ance ,  you a re  a c t u a l l y  g e t t i n g  an 
aging process; i n  one e l e c t r o d e  which leads  to a inuch f i n e r  



f o r c e  on i t ,  one would expect t he  polypropylene and t h e  nylon 
t o  have a s i rni lar  r e s u l t .  I would li r e a l l y  to t r y  t o  e s t a -  
b l i s h  on these  r e s u l t s ,  d i d  you f e e l  e nylon was l o s i n g  or  
do we not have enough d a t a  on t h i s  p o i n t ?  

D i d  t h e  nylon l o s e  t h e  e l e c t r o l y t e  t h e  same a s  t h e  
polypropylene o r  do you not have anything t o  confirm i t ?  Be- 
cause t h e  impedance measurements d i d  not show any of t h e  nylon 
c e l l s  t o  be damaged. 

SCOTT: I think I mentimed t h a t  chemical a n a l y s i s  
of t h e  sepa ra to r s  reaoved from t h e  one nylon c e l l  t h a t  we've 
t o r n  down i n  t h i s  group showed 8bout 75 percent  of t h e  KOH 
conten t  t h a t  we c a l c u l a t e d  for t ne  new cond i t ion  of the c e l l .  

Kow, i t  I s  unce r t a in  a s  to what the  so-ca l led  new 
condi t ion  content  of t he  sepa ra to r  i s .  T h i s  i s  a nL%ber which 
i s ,  I guess,  l i k e  p lus  or minus 25 percent  i n  terms of o w  
a b i l i t y  t o  es t imate  t h a t  va lue ,  

So these  a r e  rough nuinbers. We d i d  not ,  have not 
made t h i s  determinat ion d i r e c t l y  on a brand new c e l l .  I t ' s  
something we'd l i ke  t o  do, 

GRIFFIN: One f i n a l  t h i n g  -- we do g e t  t hese  i n  p r i -  
mary c e l l s ,  you ' r e  not a lone .  Polypropylene, e s p e c i a l l y  when 
you s t o r e  i t  a t  high te :nperatwes,  160 degrees and up, you can 
g e t  t he  same s o r t  of dryness i n  a polypropylene system. 

We c a n ' t  show t h a t  f o r  nylon because we c a n ' t  g e t  
riylon t o  s t a y  i n  t h a t  temperature f o r  t h e  l eng th  of t i n e  in-  
volved and one t r i e r ;  t o  go t o  polypropylene. 

3 u t  t h e  r e a l  ques t ion  i s :  "What happens t o  t h e  
e l e c t r o l y t e  ? " 

HENNIGArJ: Well, l a s t  year we go t  -- t h e  data I showed 
on t h e  nylons,  Hercules and o the r  polypropylenes,  we d i d  have 
26 cc.  i n  t h e  nylon c e l l s ,  which i s  a r e  6 enip/hour c e l l s  and 
2k i n  t h e  polypropylene c e l l s ,  l i k e  the  GAF ma te r i a l .  

i n  t h a t  p a r t i c u l a r  polypropylene c e l l ,  t h e r e  i s  
an e l e c t r o l y t e  i n  t h e  bottom of t h e  c e l l  when you open them. 
And nylon r e t a i n s  i t  and keeps i t  worked up where you just  
c a n ' t  g e t  enough i n t o  those polypropylene c e l l s  t o  keep them 
wet,  

HEI9(IGAN : M r  Dangel? 

d 
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DANGEL: Generally,  consider ing t h e  f a c t o r s  which 
make the f a b r i c s  absorb,  t h e r e  a r e  t h r e e  cons idera t ions ,  p r i -  
mary cons ide ra t ions .  Tile f i r s t  one i s  t h e  natuye of t h e  f i b e r ,  
t h e  second one i s  t h e  su r face  ma te r i a l s  on the  f i b e r  and the 
t h i r d  one i s  the  s t r u c t u r e ,  t h e  geometry s t r u c t u r e  of t h e  fa-  
b r i c  * 

I t h i n k  i t  i s  f a i r l y  obvious t h a t  t h e  polypropylene 
f i b e r  s t a y s  and doesn ' t  probably change very mulch he re .  I 
th ink  i t ' s  equa l ly  obvious t h a t  something happens t o  t h e  su r -  
f a c e  a f t e r  tney disappear  or d i s i n t e g r a t e  or  something e l s e  
happens t o  them, This  ijt3,s a major e f f e c t  on the  re -wet t ing .  

But t h e  th ing  tha t  I ' m  wondering about -- and I 
wonder i f  you have observed t h i s  -- i s  what changes happened 
t o  t h e  geometry of t h e  f a b r i c .  Does this charge or discharge,  
s epa ra t e  the  f i b e r s  f r o %  each o the r?  

Does it make i t  bigger  on t h e  microscopic s c a l e ?  
Did you have a chance t o  observe t h i s ?  

SCOTT: I wasn't  looking for t h a t  type of t h ing ,  b u t  
I have looked a t  those s e p a r a t o r s  under, I ' d  say, 20 power and 
I have looked a t  new ones under 20 power and, offhand, I d i d  
not  see  any d i f f e r e n c e  t h a t  I coilld n o t i c e  under those  condi- 
t i o n s .  

HZNNIGAN: Sam Bogner ? 

3OGNER: I would l i k e  t o  make one o the r  comment t o  
t h e  p iece  of t h e  puzzle  -- t ha t  i s ,  t n e  f a c t  tha t  i f  you s t e r -  
i l i z e  these  m a t e r i a l s ,  you g e t  d i f f e r e n t  r e s u l t s .  I wonder 
i f  people have considered t h a t .  

IIEIWTGAN : This i s  polypropylene? 

BOGNZI?: C e l l  capac i ty  goes up and i n t e r n a l  r e s i s -  
t ance  goes doslrn. 

HEPTNIGAN: This  i s  f o r  polypropylene sepa ra to r s ,  
r i g h t ?  

EOGNXR: It a l s o  occurs i n  membranes and s i l v e r / z i n c  
c e l l s .  D I  

HEI4XIGAN: Floyd? 

BOGNER: The temperature i s  around 134; C. f o r  100 
.and s m e  ho&s. 

HE3iidLCAN: Floyd Ford? 
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FORD: Yes. D r .  Sco t t ,  i f  I understood what you 
said, during your p re sen ta t ion ,  i t  was t h a t  t he  d r i e r  t h e  
sepa ra to r  t h e  more apparent cadmium was i n  t h a t  s e p a r a t o r ?  

SCOTT: Not i n  t h e s e  tes ts .  There was no apparent  
c o r r e l a t i o n  betvieen dryness and tile amount of 'deposit  on the 
negat ive  s i d e  of t h e  s e p a r a t o r s .  

What I d i d  say was therewas some d iscuss ions  i n  
t h e  l a s t  couple of' years  a t  t h i s  meeting which suggested 
t h a t  as c e l l s  dry out t h e  cadmium migrat ion tends t o  increase ,  
o r  a t  l e a s t  t h e r e  seemed Lo be some i n d i c a t i o n s  i n  t h a t  d i -  
r e c t i o n  and I j u s t  s a i d  t h a t  t h a t  d i d  no t  seem to be t h e  case  
here .  

FORD: I t h i n k  i t ' s  f a i r  t o  say t h a t ' s  no t  an un- 
necessary condi t ion .  

HENNIGAN: Barry Trout?  

TROUT: On these  c e l l s ,  I assume they  were hermeti-  
c a l l y  sea l ed  c e l l s  and i f  they were, d i d  you have pressure  
measurements on t h e  c e l l s  and d i d  you n o t i c e  any s i g n i f i c a n t  
d i f f e r e n c e s  between the s e p a r a t o r s ?  

SCOTT: Yes, they were indeed sea l ed ,  We indeed 
made pressure  measurements. I n  f a c t ,  most of t h e  time we had 
t ransducers  on them end we have perrnanent records ,  continuous 
r eca rds  of p re s su re  during the whole t e s t .  

I have not  r e a l l y  s a t  down and t r i e d  to analyze 
a l l  of t h a t  data, but offhand, I would say t h a t  t h e r e  was 
l i t t l e  d i f f e r e n c e  i n  pressure  behavior.  L e t ' s  say  during t h e  
normal condi t ions  -- when t h e  condi t ions  of t h e  c e l l s  were 
normal, say, w i t h  r e spec t  t o  t h i s  impedance and probably drying 
problem -- i n t e r e s t i n g l y  enough what happened i n  those c e l l s  
t h a t  began t u  d ry  out was t h e  pressure  began t o  drop, 

And I t h i n k  t h a t  t h i s  i s  what you would expect i f  
you, you know, as t h e  c e l l  begins t o  dry  out .  You a c t u a l l y  
decrease your recombination p res su res ,  

HERNIGAN : Jim Dunlop of Comsa t ? 

DbETLOP: I ' d  l i k e  t o  make a g e n e r a l  comment. Our 
t e s t i n g  w i t h  d i f f e r e n t  s epa ra to r s  i n  the nickel/hydrogen c e l l  
i s  a l i t t l e  d i f f e r e n t  froni nickel/cadmiurn. 
any catimium v i b r a t i o n s ,  so you do e l imina te  t h a t  p a r t i c u l a r  
problem i n  t h e  c e l l .  

You don ' t  g e t  
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The sepa ra to r  always comes out r e l a t i v e l y  c l e a n ,  
We have t r i e d  a v a r i e t y  of Xercules and F e l l o n  polypropylene 
s e p a r a t o r s .  It i a  t r u e ,  j u s t  l i k e  you s a i d  Dr. S c o t t ,  you g e t  
a deeper depth of d i scharge ,  

I t ' s  a way t o  observe a value quicker .  When we go 
t o  very deep depths l i k e  80 percent  of capac i ty ,  you can 
very g e n e r a l l y  quick ly  f a i l  5.n a l l  of t h e  polypropylene sub- 
s t ances  we use today. The very b e s t  we can g e t  ( i naud ib le ) .  

This  argument seenzs t o  be centered  between nylon 
and polypropylene. Frankly,  t h e r e  may be o ther  b e t t e r  choices  
than  these  two t o  o b t a i n  long- te rx  r e s u l t s .  

h T N N i G A N :  I would j u s t  l i k e .  to make one comment. 
Winen I found out un fo r tuna te ly  las t  year  -- i t  a l s o  depends 
on whase c e l l  you put what s epa ra to r  i n  because tha t  Hercules 
sepa ra to r  when we t r i e d  i t  i n  another  manufacturer 's  c e l l  or" 
General E l e c t r i c ,  it j u s t  wouldn't w0i.k under t h e  same per-  
formance we got i n  t h e  Eagle Picher c e l l .  

So, i t ' s  p r e t t y  hard t o  c ross  over r e s u l t s  between 
nanuf ac  t urers 

T4.r. G r i f f i n ?  

GRIFFIN: Potassium t i t an ium is i n t e r e s t i n g  because 
i n  t h a t  we ' re  t h e  people xho used i t .  iJell,  3upont withdrew 
i t ' s  -- I dowr't know whether people a r e  g e t t i n g  t h e  same 
r e s u l t s  wi th  d i f f e r e n t  s t r u c t u r e s  t h a t  they had o r i g i n a l l y .  

It i s  r e a l l y  a quest  ion  of who hss t r i e d  t h i s .  

HEMNIGAN: Marty Klein? 

KLEIN: We've never used t h e  ( l e a d )  products.  We 
were always working with basic Dupont products ,  so t h e r e  has 
been no change i n  our s t a r t i n g  ma te r i a l .  I t h i n k  J i m ' s  com- 
nient i s  valuable .  

Our th inking ,  and 1'11 t a l k  more about i t  tomorrow, 
but  b a s i c a l l y  we look f o r  ina te r ia l  t h a t  would wet n a t u r a l l y  
by i t ' s  own contac t  angle  w i t h  t h e  e l e c t r o l y t e .  Potassium 
hydroxide as opposed t o  using these  nylons o r  polypropylenes 
which r e a l l y  depend upon the wettirig c h a r a c t e r i s t i c s  by a 
t h i r d  agent ,  it has worked out  very wel l .  

We have an enormous amount of da ta  showhg  the ma- 
t e r i a l  i s  q u i t e  s t a b l e ,  will hold e l e c t r o l y t e s .  And I th ink  
i t ' s  a p re t ty .good  m a t e r i a l  t o  be looked a t  f o r  nickcl/cadniium. 

.I 
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There a r e  sonne d i f fe ren t ;  c r i t e r i a  foi' nickel/cad- 
mium t h a n  f o r  nickel/hydrogen, but c e r t a i n l y  looking a t  i n -  
organic  ma te r t a l s  t ha t  wet d i r e c t l y  i s  a v a l i d  approach to 
look a t .  

HZ:17SNIGAN: A co:ment from Guy Rampel' from General 
E l e c t r i c ,  

UMPEL: I ' d  l i k e  t o  cormlent on your last l i n e ,  Dr. 
S c o t t ,  I f e e l  it snowed r e l a t i v e l y  c l ean  sepa ra to r s  a t  t h e  
top .  I f e e l  t h a t  t h a t  i s  g e t t i n g  unavai lab le  cadnium i n  those  
a r e a s  due t o  high cu r ren t  dens i ty .  

DUNLOF: Where does the  cadmium go? 

RAMPEL: I t ' s  s t i l l  t he re ,  but  i t ' s  i n a c t i v e  a t  the  
e l e c t r o d e  chemically by tak ing  i n  t h e  depth of discharge ex- 
e r c i s e s .  

SCOTT: Guy, though I t h i n k  I know what I heard you 
say, but  those top corners  of a l l  of t h e  sepa ra to r s  were dry  
as a bone. Now, maybe t h a t ' s  something tha t ' s  normal t o  you, 
but the  gray a rea  was very wet, t h e  top  corners  were d ry ,  

So, which i s  t h e  cause and which i s  t h e  e f f e c t ?  

RAMPEL: Tha t ' s  j u s t  what I was going t o  say -- what 
came f i r s t ,  you know, what s t a r t e d  f i r s t  t o  g i v e  you t h a t  
r e s u l t  a t  t h e  end. 

HENNIGAN: If we dofi 't  have any more comments o r  
ques t ions ,  we ought to t ake  a co f fee  break now. Thank you 
very much, D r ,  S c o t t .  

(idhereupon, a s h o r t  r eces s  was taken . )  

HEiTNIGAN: I ' d  l i k e  t o  remind yoa again  t o  s i g n  t h e  
at tendance shee t s ,  un less  t h e y ' r e  both s t i l l  c i r c u l a t i n g .  
We ' l l  cont inue on with t h e  sepa ra to r  a r e a  f o r  t h e  reminder 
of t he  morning, which w i l l  go u n t i l  about 12:45, when w e ' l l  
t a k e  a break f o r  lunch. 

I ' d  l i k e  t o  remind everybody t o  p l ease  buy t h e i r  
c o c k t a i l  t i c k e t s  before  morning. We'l l  have t o  c l o s e  i t  down 
a t  noon, a t  1 2 : O O  or l2:3O, whatever. 

I'd l i k e  t o  d i scuss  some of our work i n  t h e  separa- 
t o r  a r ea  f o r ' t h e  next  few minutes. And t h e  f i r s t  s l i d e  w i l l  
be kind of a reminder of some of t h e  a r e a s  we d i d  l a s t  year  
and we d i d  soye a d d i t i o n a l  t e s t i n g  on t hese  c e l l s  on a 



synchronous o r b i t  or  a continuous over-charge,  a t r i c k l e  
charge.  May I have t h e  f i r s t  s l i d e ,  Floyd? 

(S l ide  2 0 . )  

Idell, a s  you remernber l a s t  year ,  we 'discussed t h e  
drying-out problem of s e p a r a t o r s  i n  g e n e r a l  and this p a r t i c u -  
l a r  one i s  f o r  t h e  nylon where we have the  2505 and t h e  2505 
washed out .  

And t h i s  was cycled 6,000 cyc les  and the  c e l l  was 
taken out every 1500 cycles  t o  determine ';he e f f e c t s  on t h e  
separa tor .  I guess ,  for many years  people know these  th ings  
are drying out ,  but t h i s  i s  kind of il. q u a n t i t a t i v e  measurement 
of what was going on, 

And we thought may'oe we extended those do t t ed  l i n e s  
and maybe thought  they would go down l i n e a r l y  
some d a t a  today which we d m b t  ii" they do t h a t .  

bu t  we have 

These c e l l s  here  were cycled a t  rcom temperature,  
a t  25 percent  depth oi' discharge i n  t h e  90 minute o r b i t .  They 
were Eagle Picher  c e l l s  and they contained 26 cc.  of e l e c t r o -  
l y t e  o r i g i n a l l y .  

Can I have t h e  next s l i d e ?  

(S l ide  21 . )  

And we d i d  a t r i c k l e  charge tes t  on these  same type 
of c e l l s  or" Eagle Picher .  There was s m e  i n t e r e s t  i n  how they 
operated i n  t r i c k l e .  
s i x  months, and, n ine  months. 

And we took them out a t  t h r e e  months, 

, 
The three-!nonth one looked about, t he  same a s  t h e  

six-ixonth. And, a s  you can see ,  t h e r e  i s  e s s e n t i a l l y  no cad- 
mium migration, maybe a s p o t  02 two. T h i s  t r i c k l e  charge 
ra te  was a t  t h e  C .  over 30,  and a t  25 degrees Centigrade.  

T h i s  i s  t h e  nega t ive  s i d e  of the ,  t h e  s i d e  that  i s  
Pacing t h e  nega t ive  p l a t e ,  and a l l  of' t he  s l i des  I w i l l  show 
on s e p a r a t o r s  w i l l  show the  negat ive s i d e  of t h e  sepa ra to r .  

NQW, as P a r  as how these  c e l l s  appeared when we took 
them out of t h e  t h r e e ,  s i x ,  and nine-month e r a s  shown on t h e  
next graph, 

( S l i d e  22.)  
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These c e l l s  s t a r t e d  out o r i g i n a l l y  i n  absorp t ion  i n  
g./cm.3 and that cent imeter  Lhat i s  cu.bcd i s  t h e  dry volume 
of t he  sepa ra to r ,  a t  abaut .72, which s e v e r a l  c e l l s  were xea- 
sured  and this i s  t h e  range t h a t , w e  go t  on a v i r g i n  c e l l .  

Now, during t h e  t r i c k l e  charge per iod we go t  a d i f -  
f e r e n t  type of e l e c t r o l y t e  change and i n  tine cyc l ing  t e s t s ,  
where i n  t h e  e l e c t r o l y t e  seenia to go down t o  a lower value of 
about ,bh5 and a t  l e a s t  a t  a nine-month per iod  i t  s tayed  con- 
s t a n t .  

There was some cal-bonafe determinat ions done on 
these  c e l l s  and a s  far as  t h e  carbonate  over t h e  GI1 p lus  ca r -  
bonate,  those nuxbers came out t o  be about 29 percent  and i t  
d i d n ' t  change apprec iab ly  during t h e  nine-month t e s t .  

So, t h i s  wrapped up a l l  of t h e  c e l l s  t h a t  we had 
i n  t h a t  p a r t i c u l a r  t e s t ,  t h e  93-ininute o r b i t  t e s t  and s o  
f o r t h .  T h i s  i s  j u s t  another  piece of data t h a t  we had on these  
Eagle Picher  c e l l s .  

May I have t h e  next  -- 
( S l i d e  23 .  ) 

Now, many yea r s  ago we s t a r t e d  cyc l ing  some c e l l s  
w i th  and without Teflon on the  nega t ive  p l a t e s  and these  have, 
both packs have cycled about 16,000 cyc les  t o  da t e  and t h i s  
was a t  a 25 percent  depth,  a t  25 degrees Centigrade.  

ilOVi, we have samples here  from t h e  v i r g i n  c e l l s  
which were s t o r e d  a s  long a s  t h e  cyc le  t e s t .  And a l s o  a 
c e l l  t h a t  only r a n  11,000 cyc les  because i t  had been put  i n  
l a t e r  than  t h e  o t h e r s  -- than t h e  16,000 cyc le  c e l l .  

Well, t h e  cadmiurn migrat ion,  you might say,  doesn ' t  
look bad i n  t h e s e  th ings ,  bu t  most of t h e  sepa ra to r  i s  l e f t  
on t h e  p l a t e  and e s p e c i a l l y  on t h e  bottom one where we only 
go t  p i eces  o f f ,  

And i t  was a very hard probl'em t o  g e t  t he  sepa ra to r  
r i g h t  out of t h e  cadmiurn or  negat ive p l a t e .  We have -- could 
not  g e t  any good drawing out information on these  two cyc le s  
because the  sepa ra to r  was j u s t  p u t t i n g  a very t h i n ,  very d r i e d  
out ,  but  it looked l i k e  i n  t h e  11,000 cyc le  one where you could 
determine t h e  drying ou t ,  i t  was about 30 percent  of what o r i -  
g i n a l l y  was i n  t h e  s e p a r a t o r ,  

N o w ,  remember when I say e i e c t r o l y t e ,  I mean bo th  
KOH and carbonate ,  Could I have t h e  next graph, t he  next  
s l i d e ?  d 
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( S l i d e  24.) 

e !  

Now, this one i s  of the  same t e s t ,  bu t  wi th  Teflon 
impregnation, or Terlon coa t ing  on the  nega t ive  p l a t e s .  Now, 
these  carne out  p r a c t i c a l l y  i n  t o t a l ,  as you can see ,  you would 
s e e  cadmiua migrat ion here  that was shown l a s t  year ,  t h a t  
1;iight occur i n  about a n ine- ,  twelve-iflonth type of area. 

These sepa ra to r s  came away from the  p l a t e s  q u i t e  
e a s i l y  and even when they were ( s o x l e t )  ex t r ac t ed ,  t h e r e  was 
some s t i c k i n g  t o  the  nega t ive  p l a t e ,  but i t  would come o f f  
r e a s  onably e a s i l y  . 

The thickness,  of t h e  sepa ra to r  a f t e r  t he  t e s t  a f t e r  
the t e s t  was about 13 percent  l e s s  than we o r i g i n a l l y  s t a r t e d .  
riowever, t hese  s e p a r a t o r s  vary q u i t e  a b i t .  They can vary 
t h a t  much i n  t h e  or igLnal  l o t ,  so  I don ' t  know if t h a t ' s  
r e a l l y  a good number. 

T- 

But some of i t  does s t i c k  t o  the  negat ive p l a t e .  
Now, on these  t h r e e  sainples, we could g e t  scnie e f f e c t s  of the 
drying out o r  t h e  loss  of e l e c t r o l y t e  by the  sepa ra to r  mater- 
i a l  and I have t h a t  on t h e  next graph. 

(Sl ide '25. ) 

Now, they s t a r t e d  out with g./cm.3 of e l e c t r o l y t e  
a t  about ,5. Uow, a t  11,000 cyc les  i t  was about .l'j and a t  
16,000 cyc le s  i t  was Afj,  so,  as  I mentioned before ,  maybe 
they  go down linearly t o  s t a r t  w i t h  but as ,we  go out t o  some 
high cyc le  depth,  we seem t o  be l e v e l i n g  out .  

\ 

One th ing  we d i d  here  -- t n i s  was kind of a s i d e  
t e s t  -- was t o  take  tt!o c e l l s  out a t  t h e  end and r econd i t ion  
one. And t h i s  -- then  open t h e  c e l l  up and look a t  the sepa- 
rator and the anount of e l e c t r o l y t e .  

The sepa ra to r  c e l l s  looked e s s e n t i a l l y  t h e  same 
as t h e  one tha t  was not  recondi t ioned,  but t h i s  one he re  had 
an i n c r e a s e  i n  t h e  e l e c t r o l y t e  conten t  up t o  about .25 from 
.l5. These packs a r e  s t i l l  running, even though t h e  sepa ra to r  
had d e t e r i o r a t e d  very badly i n  t h e  non-tef lonated c e l l  -- i t  
i s  s t i l l  running but  t h e r e  a r e  some i n d i c a t i o n s  t ha t  s h o r t s  . 
are occuring i n  those  c e l l s  both on t h e  discharge and some of 
t h e  c e l l s  lagging behind on the  charge.  

Another a r e a  t h a t  we look a t  and Floyd Ford t a l k e d  
about l a s t  year ,  was the s to ragc  t e s t  on c e l l s  and tqe took 
some of those and c u t  them open and looked a t  t h e  sepa ra to r s  

d 
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frorn those p a r t i c u l a r  c s l l s .  

If yau remmber,  we had a random s to rage  t e s t  which 
was s h u l a t i n g  a type of i n t e g r a t i o n  of a s a t e l l i t e .  T h i s  might 
mean charging a t  var ious  times and. discharging-  a t  var ious 
depths ,  l e t t i n g  t h e  c e l l  sit c h a r ~ e d / d i s c h a r g e j / ~ a r t i a l l y - c h a r g e d  
and sa f'orth. 

We t r i e d  t o  s i x u l a t e  t h a t  opera t ion  and we've known 
f o r  a long t i z e  t h a t  we'd l i k e  t o  change the  b a t t e r i e s  before  
these  people f l y  them, e s p e c i a l l y  f a r  l ong- l i f e .  

There was another  type of t e s t  we made which was a 
continuous t r i c k l e  charge a t  C.  over 30 and another  t e s t  we 
made where t h e  c e l l s  were s t o r e d  shorted.. These c e l l s  Mould be 
capac i ty  checked every s i x  months and this information i s  i n  
t h e  l a s t  y e a r ' s  proceedings.  

Can I have t h a t  s l i d e ,  Floyd? 

(S l ide  26.) 

This  i s  what the  s e p a r a t o r s  looked l i k e  a f t e r  they 
came o f f  t h i s  t e s t .  These were 20  arn_o/hour c e l l s ,  s to rage  
t e s t ,  18 months. I b e l i e v e  -- they can c o r r e c t  me i f  they 
hear  -- 66 cc.  i n  t h e s e  c e l l s  and t h e  sha r t ed  and t r i c k l e -  
chavged c e l l s  d i d  not  appa ren t ly  have any migrat ion a s  far 
a s  b l ack  a r e a s  go, where t h e  random t e s t  shawed q u i t e  a b i t  
of cadmium i n t o  tile sepax-ator but i t  was riot golng through 
i t .  

I t h i n k  l a s t  year  we showed a 1o-L of da ta  where i n  
cyc l ing ,  t he  cadmium migrat ion appears t o  s t a y  on m e  a i d e  of 
t h e  s e p a r a t x ,  the d i f f e r e n c e  i n  polypropylene sepa ra to r s  i s  
i t  appears t o  migrate  through. 

These s e p a r a t o r s  were q u i t e  easy t o  sepa ra t e  from 
t h e  negat ive e l ec t rodes .  Eow, we do have sone drying out or  
e l e c t r o l y t e  d i s t r i b u t i o n  information on these  sepa ra to r s  
which i s  shown i n  t h e  next  graph, 

( S l i d e  27.) 

Where t h e  s t o m g e  t reatment ,  t h e  shorted c e l l s  
had approximately,  had .49 g,/crn.3. 
what we f i n d  f o r  a (Gu1te.n) c e l l .  Fife haver, ' t  got  a l o t  of 
information on sixes,  but one we d i d  check a while back kad 
about the same value,  I t h i n k  i t  was .45. 

T h i s  is about normal f o r  
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During t h e  t r i c k l e  charge a f t e r  t h e  e ighteen  months, 
t h e  sepa ra to r  had about .21 grams of e l e c t r o l y t e  per cent imeter  
cubed and i n  the  random t e s t  i t  was e s s e n t i a l l y  t h e  same order  
of magnitude as t h e  s h o r t e r  t e s t .  

Tha t ' s  a l l  f o r  t h a t  one Floyd, There was one pack 
of c e l l s  t h a t  was kind of deple ted  a t  t h e  (Crane),  and we made 
i t  kind of s tandard p r a c t i c e  t o  take -- when we take  c e l l s  o f f  
t e s t  and out of run thro-xgh t h i s  s epa ra to r  t e s t i n g ,  we don ' t  
have a l a t  of previous t e s t  da t a  on these ,  on how t hese  c e l l s  
were made. But i t  i s  a polypropylene FT 21bO and I jmt  thought 
I ' d  show you as a mat te r  of i n t e r e s t .  I ' m  not going t o  say t o o  
much about t h i s  one, but t hese  c e l l s  have gone about 16,000 cy- 
c l e s .  

(Slide 28,)  
Each pack had t e n  c e l l s  i n  i t .  The f i r s t  pack has 

no f a i l u r e s .  The second two packs -- some c e l l s  were f a i l i n g  
below 10,000 cyc les  and a c t u a l l y  t h e s e  cells were, you n igh t  
say, were f a i l i n g  a t  t he  t ime, but t h i s  was a piece of i n f o r -  
mation FT 2140. 

The cadmimi i s  going r i g h t  thro-xgh t h e  sepa ra to r .  
If you t u r n  them around and look a t  t h e  o ther  s i d e ,  y o u ' l l  s ee  
the  same th ing .  And, e s p e c i a l l y ,  t h e  lower two packs a r e  
25 C .  and 40 percent  and mdegrees  C ,  

These -- a f t e r  t e s t s  they  would not  pass  t h e  s h o r t  
t e s t  and appeared t o  be shor ted  c e l l s .  iiowever, 1'11 have t o  
a d m i t ,  t h e  25 degrees C ,  25 percent  pack i s  s t i l l  rui-ming and 
s t i l l  maintains a f a i r l y  good capac i ty  on capac i ty  checks.  

These a r e  r e a l l y  5 amp/'nour c e l l s ,  you see  t h e  6 
up the re .  So, I thought I ' d  wrap up some of t hese  loose ends, 
and I say we a r e  tak ing  some of these  c e l l s  out a f t e r  many 
thousands of cyc le s .  It would have been n i c e  i f  we knew four  
years  ago what t o  look f o r ,  t o  have done some a n a l y s i s  then, 
e s p e c i a l l y  on t h i s  polypropylene sepa ra to r .  

We d o n ' t  have too  much information on the  o r i g i n a l  
v i r g i n  c e l l s .  Thank you. Do you have any ques t ions?  

Ed Kipp f r o x  Gulton? 

KIP?: In  r e l a t i o n  t o  t h e  abso rp t ion  measurements = 

t h a t  you made, d i d  you a l s o  aeasure  c e l l  impedance, t o  see i f  
t h e r e  was any c o r r e l a t i o n  with c e l l  impedance with t h e  absorp- 
t i o n  of the  KOX? 

IIENNIGAN: Well, I know i n  tine f'irst l o t  we had a 
r egu la r  program i n  measuring impedance a l l  along the cyc l ing .  

i 
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For ins tance ,  on the nylon c e l l s ,  t h e r e  was e s s e n t i a l -  
l y  no change, 
i t  would just s t a y  the  same, 

It might be 3 mi1lioh;ns and go t o  4, go t o  2 and 

L a s t  year  when we r a n  the  polypropylene c e l l s ,  we no- 
t i c e d  a two 01- t h ree - fo ld  inc rease  i n  polypropylene c e l l s  be- 
cause of what we assume t o  be vias t h e  drying o u t ,  

Earl C.arr, from Eagle P icher .  

CAR€?: Could you put t h e  f i r s t  s l i d e  up where you 
had t h e  six-montn and nine-month 6n cyc le  charge? 

HEI\IMIGAN: Tha t ' s  t h e  second or t h i r d .  You want the 
s e p a r a t o r ?  

CARII: Yes, was t h e r e  any s t i c k i n g  of t h a t  s epa ra to r  
t o  t h e  negat ive,  do you remerriber 01- can you t e l l  from the 
s l i d e ?  

ilENI$IC;AT\T: On a l l  of t h e s e  t h i n g s  I ' v e  ta lked  to t h e  
people who took them out .  I could say t h i s  -- when a f t e r  t h e  
pack was ( s o x h l e t )  e x t r a c t e d  and I d i d  some sepa ra t ion  of t he  
s e p a r a t o r s  and e s s e n t i a l l y  was not s t i c k i n g  t o  'ihe p l a t e s ,  

Some of t h e  f i b e r s  a r e  always going t o  hang on the re ,  
but  t h e r e  wasn't  -- e s s e n t i a l l y  t h e  sepa ra to r s  were about the 
same th icknesses  we had o r i g i n a l l y  put i n t o  t h e  c e l l s .  

Do you have a quest ion,  t h e r e ?  

EZKXY; (Te lesec)  Knen you -- on the  l a s t  s l i d e  
when you were showing the  one ' s  that  f a i l e d ,  i n  the l a s t  two 
lots. When you look at t h e  o tner  s i d e ,  were you a b l e  t o  see  
any kind of g rad ien t  or  s t r a t i f i c a t i o n  ac ross  the  sepa ra to r  
m a t e r i a l  arid it might be more apparent looking a t  the o the r  
s i d e .  

HENNIGAN: Yes, wel l ,  t n e  reason I d i d n ' t  -- I nor- 
mally -- 

Ei\Si iY:  I not iced  t h e r e  was a l i t t l e  bit up on t h a t  
second one. It looks l i k e  t h e r e  was a s l i g h t  tendency f o r  
s t r a t i f i c a t i o n  i n  a v e r t i c a l  d i r e c t i o n .  

I'm wondering, i f  you look a t  t h e  o t h e r  s i d e  of -- 
t ake  a look a t  the  sepa ra to r  ma te r i a l ,  were you a b l e  t o  see 
i f  t h e r e  were any more migrat ion t o  t h e  upper p a r t  a s  opposed 
t o  t h e  lower p a r t ?  
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IIEi\lT\SIGAN: Well, one reason -- l a s t  year  I showed 

both  s i d e s  a11 of the time and t ? e  reason I d i d n ' t  do i t  he re  
was because they e s s e n t i a l l y  were the  sanze. You couldn ' t  -- 

Yes, that ' s  ~ h y  I d i d n ' t  bother  photographing t h e  
o the r  s i d e  a t  a l l ,  

HEILTEIY: What I an r e a l l y  d r iv ing  a t  i s  has anybody 

7: wonder i f  you a r e  
done anything wi th  c e n t r i f u s i o n ,  the e f f e c t s  of t h e  s a t e l l i t e s  
s e v e r a l  f e e t  out undergoing about 6 Q S .  

cen t r i fug ing  sone of t h e  e l e c t r o l y t e  schemes, whether we ' re  
g e t t i n g  any f a i l u r e  -- nas anyone -looked a t  tha t  or  no t?  

FIENNIGAN: You'll have t o  ask o ther  people i n  t h e  
audience i f  anybody's looked a t  t h e  e f f e c t s  of e l e c t r o l y t e  
s e p a r a t o r s  as a func t ion  of g-loading. 

D r .  G r i f f i n ?  

GRIFFIN: There i s  a l o t  of work on v i b r a t i o n  t e s t -  
ing i n  p r ina ry  c e l l s  where you have t o  be very c a r e f u l  on v i -  
b r a t i o n  a f te rwards ,  a f t e r  v i b r a t i o n  t e s t i n g  before  you use 
the  c e l l ,  I'm c e r t a i n  ir, t h e  F le l sche r  and. Cooper's t e s t s ,  
one of t h ings  was r e t e n t i o n  of e l e c t r o l y t e s  i n  absorber sys- 
tem. 

There i s  a n  A & F, AL rnonograph i n  1964 t h a t  des- 
c r i b e s  this  and what happens t o  i t ,  I n  1968 t h e r e  was sirni- 
la r  t e s t i n g ,  so  you have sofie ?ac t s  and f i g u r e s  out or" t h e r e .  
au t  i t ' s  c e r t a i n l y  -- not  every s t r u c t u r e  w i l l  r e t a i n  e l e c t r o -  
l y t e  under these  c o n d i t i m s .  

It w i l l  go out as much as 40 percen t ,  

KAIili: Tha t ' s  what I was wondering about.  \?e hap- 
pen t o  be undergoing about 11 gs.  out t h e r e  along the  p l a t e  -- 
we're s i t t i n g  and a l l  of tne ground t e s t i n g  i s  a t  1 g. I 
wonder it anjrbody i s  planning t o  do any high g load with l i f e  
type of t e s t i - w .  

HENNIGAN: Well ,  I haven ' t  heard any requirement of 
t h a t  -- 

KARR: T h i s  i s  sanething I have been t a l k i n g  about 
i n d i v i d u a l l y  with people.  
i t .  I would l i k e  i t  t o  go i n  the minutes of t h e  meeting. 

I a m  not g e t t i n g  much concern about 

HEI!NIGAif: Okay, wel l ,  thanks f o r  your comment. I 
don ' t  know i f  anybody's done t h a t  I know years ago we d i d  
some on s i l v e r  zinc,  bu t  i t  was nowhere near -- I thil1k i t  
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was about 1 g. o r  a couple of g s ,  I * n i  s o r ry .  

ilarvey? 

Se iger :  On t h e  Cooper-Fleischer r e fe rence  that  was 
given, t h e r e  was some sepa r2 to r s  a t  c e n t r i f u g e  of 25 Q. f o r  
two minutes Dad t h e r e  were a l s o  some p o s i t i v e  e l ec t rodes  and 
negat ive  e l ec t rodes  t h a t  were looked a t .  And most o the r  ma- 
t e r i a l s  he ld  on t o  a good p o r t i o n  of t h e  e l e c t r o l y t e  t h a t  was 
f i r s t  put i n .  

I th ink  i n  some cases ,  twice,  they  s p i n  twice a t  
25 g *  

KARii: Are t h e s e  e l e c t r o l y t e s ?  

SEIGEII: These a r e  no t  cells. They were f i l l e d  with 
e l e c t r o l y t e s  and put  i n t o  t h e  c e n t r i f u g e .  

HSNMIGAX: Marty Sulkas,  from t h e  U.S .  Army. 

SULKAS: Tom, you had q u i t e  a b i t  of s t u f f  on Te- 
f l o n  t rea tments .  Have you any conclusions you have re,ac'iled 
a t  t h i s  t ime regard ing  its val-ue, whether i t ' s  worthwhile 
d a h ? ;  i t .  

HEATRIGAN: The way t o  preserve  the  sepa ra to r  t h e r e  
was q u i t e  no tab le  -- I mean, i t  avoided t h e  s t ick i f lg  t o  t h e  
nega t ive  p l a t e .  I would say it  r e t a r d e d  the  cadinlurn migrat ion 
because i t  d i d n ' t  n:ove i n t o  the  sepa ra to r  and we could g e t  i t  
of f  and t ha t ' s  what normally happEtns -- t h e  sepa ra to r  j u s t  be- 
comes p a r t  of t he  nega t ive .  

I t h i n k  t h e  people from G. E. also have soxe i n f o r -  
mation on cyc l ing  t e f l s n a t e d  e l ec t rodes  a t  higher  temperatures .  
Do you c a r e  t o  corrment on t h s t ,  Guy? 

itAM?EL: I t h i n k  we d i d  work f o r  Hales E couple of 
yea r s  ago. We cycled some nylon 23  amphour c e l l s  w i t h  va r f -  
ous l e v e l  of Teflon i n  tile plates and a l s o  a con t ro l .  We cy- 
c l e d  it  a t  50 percent  dod and 50 degrees Centigrade,  

I n  photographs of cadmium migrat ion,  atomic absorp- 
t i o n  r e s u l t s  -- some were published i n  one of t he  news r e p o r t s  
on t h a t  work -- I be l i eve  it was tile low-orbit  50 aiqp/nour 
program, 

Ca'dmium migrat ion was r e t a r d e d  almost 200-€old, a t  
h igher  l e v e l s  of tef lorr  and on down. 
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IEEI6NXGAN: Thank you. h e  t h e r e  any f u r t h e r  ques- 
t i o n s ?  J i l n  Dunlop? 

DUNLOP: Ton, I don’ t  reinember what t h e  random t e s t  
was -- 

HENNIGAN: Maybe Floyd c m l d  descr ibe  t h a t  a l i t t l e  
b e t t e r .  

FORD: I n  regards  t o  t h e  d a t a  shown he re  on t h i s  
s l i d e ,  I t h i n k  t h e r e  a r e  s e v e r a l  irr.portant f a c t o r s  t h a t  niay 
be overlooked, s o  I ’ d  l i k e  t o  recap t h e  r e s u l t s  t h a t  were 
presented i n  some d e t a i l  l as t  year  a t  t h e  workshop. And, 
I th ink ,  most of you, I ’ m  su re ,  have proceedings.  

And you can go back and look a t  t h e  e l e c t r i c a l  data 
a t  t h e  eighteen-month t ime per lod  a t  which t h i s  s epa ra to r  
a n a l y s i s  came about.  Okay, t o  answer yaur quest ion,  J i m .  

The random use was t o  t r y  t o  s imulate ,  t o  t h e  b e s t  
we could poss ib ly  do, t h e  condi t ions  a b a t t e r y  would experi-  
ence during i n t e g r a t i o n  on a s p a c e c r a f t ,  

Now, as most of you know, i n t e g r a t i o n  involves  a 
wide-range of a c t i v i t y  -- i t s  thermal vacs, mechanical and 
e t  c e t e r a .  We d i d  not  a t tempt  t o  s imula te  the  dynamic envi- 
ronxent or  t he  thermal vacuum. 

But we d i d  want t o  eva lua te  t h e  e f f e c t s  of b a t t e r -  
i e s ,  during what I ’ d  szy, t h e  p r e - t e s t  per iod and during the  
a c t u a l  build-up of t he  spacec ra f t .  Because, h i s t o r i c a l l y  
speaking, b a t t e r i e s ,  being one of t h e  heavies t  o b j e c t s  on t h e  
spacec ra f t ,  i s  usua l ly  put  c l o s e  t o  t h e  cen te r  f o r  reasons of 
cen te r  g r a v i t y ,  which u s u a l l y  r e q u i r e s  they  be i n s t a l l e d  q u i t e  
e a r l y  i n  t h e  program or during t h e  build-up of t h e  spacec ra f t .  

Consequently, t h e  f l i g h t  b a t t e r i e s  were usua l ly  t h e  
f i r s t  th ings  t o  go i n  and we nave t e s t  experience or f l i g h t  
experience where b a t t e r i e s  were put i n  up t o  e ighteen  months 
p r i o r  t o  launch. And we have not iced  i n  t h e  over per iod of 
t ime, de t ec t ed  some very r a d i c a l  changes i n  e l e c t r i c a l  charac- 
t e r i s t i c s ,  

And t h i s  t e s t  we d i d ,  i t  d i d  confirm t h e  th ings  t h a t  
we had observed during the  a c t u a l  build-up and t h e  fol lowing 
of b a t t e r i e s  through a spacec ra f t  i n t e g r a t i o n  per iod.  

In’suinmary, then, what 1 presented last year was I 
showed tha t  t h e  randorn b a t t e r y  could no longer  be over-charged 
a t  0 degrees C, meaning tha t  you could not  charge it  i f  i t  was 
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c over 20, cons tan t  cux-rent, without exceeding a vol tage  1 i . m i t  -- 
a l i m i t  was s e t  a 1.55, but i n  ac tua l . i t y  t h e  c e l l s ,  even a f t e r  
s i x  months of exposure, gat up t o  about 1.60, which was ail 
i n d i c a t o r  t h a t  we would Lerrnifiate t h e  t e s t .  

There was a s l i g h t  i nc rease  i n  t h e  capac i ty  of t h e  
randon; group. Eu t  c o n t r a s t i n g  this with t h e  t r i c k l e  charge 
group, t h e r e  was a s i g n i f i c a n t  i nc rease ,  and I remember the  
numbers i n  t h e  range af 29 t o  30 e,mp/'rlour capac i ty  t h a t  t hese  
c e l l s  de l ive red  on the  eighteen-month capac i ty  check and t h e s e  
c e l l s  V1ei.e running l i k e  2?c t o  25 ampere hours at t he  beginning 
of t he  Lest.  

PTow, t h e  cells, cofiparing t h e  t r i c k l e  charge i n  t h e  
s h o r t i n g  condi t ion ,  t h e  e l e c t r i c a l  da t a  o ther  than t h e  capac i ty  
showed very little d i f f e rence ,  which br ings  you t o  t h e  po in t  
t h a t  I wanted t o  make. 

If you look a t  t h i s  s l i d e  and you look a t  t h e  o the r  
da t a  t h a t  he pre 'sented on tile amount or" e l e c t r o l y t e  r e t e n t i o n ,  
I t h i n k  i t ' s  f a i r l y  s i g n i f i c a n t  t h a t  cadnii-m migrat ion,  i f '  n a t  
a by-prodact of t r i c k l e  charging, eLec t ro ly t e  r e d i s t r i b u t i o n  i s  
a by-product of t r i c k l e  charging. 

So he re  you have two d i s t i n c t  cases ,  where you g e t  
cadmium migrat ion without s i g n i f i c a n t  r e d i s t r i b u t i o n  of t h e  
e l e c t r o l y t e  -- and I'm cociparing st  t o  t h e  shor ted  mode f o r  
a r e fe rence  p o i n t .  

But you g e t  -- on t h e  o t h e r  case  w i t h  t r i c k l e  charg- 
ing,  you g e t  s i g l i i f l c a n t  e l e c t r o l y t e  r e d i s t r i b u t i o n  but no t  
cad:niwn migrat ion.  And, i n  summary, i t  says that  cadmium rni- 
g r a t i o n  i s  r e l a t e d  t o  t h e  cu r ren t  d e n s i t y  or t o  the  s t a t e  of 
charge of t he  negat ive e l e c t r o d e  t o  some e x t e n t ,  

And my theory  i s  t h a t  i t  i s  r e l a t e d  t:, t h e  cu r ren t  
d e n s i t y  a s soc ia t ed  wi th  the discharge mechsnism and i n  no 
way r e l a t e d  t o  t h e  charge mechanism. 

Wow, t h i s  i s  somewhat confirmed i n  some data t h a t  
we have -- I be l i eve  i t ' s  been presented i n  one of t h e  previous 
workshops -- I know I had t h e  photograph on t h e  t a b l e  a t  one 
of t h e  t a b l e s  a t  one o€ t he  meet i rgs  for people t o  look a t .  

But from the synchronous o r b i t  t e s t ,  one of the most 
s u r p r i s i n g  th ings  t h a t  we observed -- we pu l l ed  our f i r s t  
group of c e l l s  out -- well,  a c t u a l l y  we had a c e l l  t o  f a i l  tha t  
was a 6 ampere h o w  c e l l  running a t  80 percent  depth and we 
were s imula t ing  t h e  t r u e  (sigmus) o r b i t  p r a f i l e .  
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years  and 
and. do an 
condi t ion  

And i f  my memory serves  me c o r r e c t ,  i t  was l ike  4$ 
the  c e l l  shor ted ,  s o  we decided t o  p u l l  t ha t  c e l l  
a n a l y s i s  OP i t .  I n  p a r t i c u l a r ,  we looked a t  Lhe 
of t h e  s e p a r a t o r .  

Well, what su rp r i sed  us was t h a t  t h e r e  was not a s i g -  
n i f i c a n t  aaount of cadmium migrat ion r e l a t i v e  t'o a four-year  
or four-and-a-half  year t e s t  t h a t  we would have away from the  
lower e a r t h  o r b i t  or even, you know, l i k e  the  120 or  200-minute 
o r b i t  we would expect a lot more cadmium migration. 

And when you look a t  a synchronous orbit ,  p r o f i l e ,  you 
a r e  i n  t r i c k l e  charge f o r ,  I th ink ,  something l i k e  80 percent  
of t he  t ime -- t he  major i ty  of t he  l i f e  of the  b a t t e r y  you a r e  
i n  t r i c k l e  charge.  

And i t ' s  not  r e a l l y  being discharged. So I suggest 
you review t h e  l e g i b l e  da t a  a s soc ia t ed  w i t h  t h i s  because I 
th ink  t h e r e ' s  a lot more t h e r e  than  meets t he  eye when you 
look  a t  these  f i g u r e s  at t h i s  time. 

And, a s  f z r  a s  t h e  s t i c k i n g ,  I h.ad an experience 
j u s t  i n  the  l a s t  two weeks t h a t  we opened a new c e l l  -- t h e  
c e l l  had gone to accept  t h l s  t e s t ,  as a f la t te r  of f a c t  i t ' s  
one of t he  f l i g h t  programs. 

NOW, t h e  c e l l s  had n a t  seen s u f f i c i e n t  t e s t  o r  tem- 
pe ra tu re s  that showed any cadmium migrat ion.  I n  o the r  words, 
the sepa ra to r  was very c lean .  But ,  this was the  f i r s t  t ime 
I ' v e  ever opened a new c e l l  t h a t  had a -- and granted  t h i s  i s  
r e l a t i v e  -- but  i t  w i i s  a very dry c h a r a c t e r i s t i c  and the re  
was a l r eady  adherence of t he  sepa ra to r  system t o  t h e  negat ive 
e l ec t rodes  even thought t h e r e  was abso lu te ly  no s igns  of cad- 
m i u m  niigrat ion .  

Row, I f o r  one be l i eve  t h e  cadmium migrat ion and t h e  
r e l a t e d  e l e c t r o l y t e  d i s t r i b u t i o n ,  p a r t i c u l a r l y  cadmiwn migra- 
t i o n ,  i s  r e l a t e d  t o  t h e  wetness of t h e  c e l l .  And one f u r t h e r  
experience we had i n  t h i s  was some c e l l s  -- well ,  two d i f f e r -  
e n t  l o t s  of  c e l l s  made by t h e  same manufacturer but  made over 
a per iod of I guess,  about  a year about,  again s i x  ampere hour 
c e l l s  * 

But we had a s i t u a t i o n  where we t e s t e d  t h e  same l o t  
of' c e l l s  i n  a same s e r i e s  s t r i n g  i n  t h e  same t e s t  condi t ions ,  
Now, be l i eve  it or  not ,  a t  t h e  end of t h e  t e s t ,  which i s  some- 
th ing  l i k e  21,030 cyc le ,  and t h i s  i s  a f a i r l y  moderate o r  low- 
r a t e  discharge with pe r iod ic  pulse-type loads on i t .  

It was a transpondent-type s a t e l l i t e ,  t o  g ive  you an 
idea of what the r a t e  -- it  was t y p i c a l l y  a I& amp discharge 
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for about f o u r  hours o r  probabLy about tjio hours t o  t h r e e  h o u ~ ~ s  
once a d a y .  But, the  L n L i g  Lhat was i n t e r e s t i n g  was t h a t  when 
we opened t h e s e  c e l l s  and l ~ o k e d  a t  t he  sepa ra to r ,  thsi'e was 
as rnueh d i f f e r e n c e  between the wetness c h a r a c t e r i s t i c s  as  day 
and n i g h t .  

And the  only  t h i n g  I can tell you i s  those  c e l l s  
were msde  one year a p a r t  and I f e e l  f a i r l y  cornfortable i n  say- 
ing  t h a t  i f  t h e r e  was a d i f f e r e n c e  i n  t h e  amount of e l e c t r o l y t e  
those  c e l l s  had, i t  would have probably been witi i in t h e  order  
of a, couple of c c s .  

You're t a l k i n g  about a s i x  ampere hour c e l l  t h a t  
has somewhere around 18 t o  20 c c s .  i n  i t  t o  s t a r t  with.  So, 
I t h i n k  Fjnat we ' re  dea l ing  with and 1'11 c l o s e  w i t h  t h i s  -- 
I t h i n k  I ' v e  answered your ques t ion ,  r i g h t  -- i s  a very coin- 
p lex  mechanism and t h e r e ' s  m n y  p ieces .  I t ' s  l i k e  a huge puz- 
z l e  and I ' m  very  e n t h u s i a s t i c  t h a t  what I ' v e  heard he re  t h i s  
morning i s ,  a t  l e a s t  some of i t  has r e in fo rced  some of my 
ideas  and soxe of i t  has t o t a l l y  t o r n  them a p a r t .  

But  I t h i n k  t h i s  type of meeting i s  a healkhy envi-  
ronment. I t h i n k  t h i s s e p a r a t o r  s i t u a t i o n  i s  one t h a t l s  r e a l l y  
iniportant to a ten-year  b a t t e r y .  

HENNIGAM: Thank you Floyd. D o  you have another  
ques t ion ,  Jim? 

DUNLOP: Yes, s i r ,  but  I thank you f o r  t h e  answer. 
1 don ' t  knox whether t o  ask another  ques t ion .  

(Laughter . )  

You mentioned the  e l e c t r o l y t e  d f s t r i b u t i o n .  You d i d  
observe a lower amount of e l e c t r o l y t e  with t h i s  t r i c k l e  charge? 

HEKIJIGAN: Yes, i n  bo th  cases .  

D'JNLOP: Vhy? Do you have any explana t ion  why? 

HENNIGAN: I don ' t  have any explana t ion .  

FOilD: Well, I ' d  l i k e  to r e f l e c t  back on a ques t ion  I 
asked about where the  e l e c t r o l y t e  was i n  t h e  c e l l ,  i f  it wasn't  
i n  t h e  s e p a r a t o r .  T h a t ' s  one of my t h e o r i e s  t h a t  g o t  blown 
apart  t h i s  morning. 

Don't underest imate  t h e  dynamic environments t h a t  
t h a t  p o s i t i v e  e l e c t r o d e  experiences i n  cyc l ing .  One of t h e  
t h i n g s  we hav? seen on the  synchronous o r b i t  t e s t i n g  -- t h a t  
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without cadr::i.u_n niigratLon as t h e  dorr;,inant f a c t o r  f o r  l i f e ,  
we a r e  f i n d i n g  the p o s i t i v e  e l e c t r o d e s  aye beginning t o  be 
the l i m i t i n g  f a c t o r .  

I t h i n k  the  changing po ros i ty ,  t h e  expansion and 
probably the  cha,nge i n  e l e c t r o d e  s i z e  on a cycie-by-cycle ba- 
s i s  i s  causing a cons iderable  amount of s t r e s s .  You don ' t  
have r e a l l y  a s t r o n g  e l e c t r o d e  t o  s t a r t  w i t h  and we s t a r t  
exposure t o  high c u r r e n t  d e n s i t y .  It has  devas t a t ing  e f f e c t s  
on the p o s i t i v e .  

iiEllrNICAN : You have a ques t  i on  t h e r e  3 

BARI?ETT: Wauld i t  be t r u e  t h a t  t h e  c u r r e n t  d e n s i t y  
a c r o s s  the  surl'ace of t h e  p l a t e  would be equal  an6 i f  you had 
a wet te r  s u r f a c e  m a t e r i a l ,  you would have a lower Impedance 
and have a tendency t o  have higher  c u r r e n t s  t han  what i s  placed? 

ZORD: Is t h a t  a co,mnent o r  ques t ion?  

BAXNETT: I t ' s  a ques t ion .  

FORD: I d o n ' t  know. It sounds l i k e  a sound expla- 
nation. 

BARNETT: in?ich i s  r e l a t e d  t o  c u r r e n t  d e n s i t y  r a t h e r  
than dryness ,  

FOaD: On the  c u r r e n t  d e n s i t y ,  a p a r t i c u l a r  p l ace  
on a synchronous t e s t i n g  frame are indeed c e l l s  t h a t  I t h i n k  
most people a re  aware o f .  But t he  p l a t e s  were c u t  from a 
much l a r g e r  p l a t e  meaning t h a t  t h e  top and t h e  l e f t  edge r e -  
l a t i v e  t o  t h e  p o s i t i v e  t e a r ,  i s  a coined edge. 

The r i g h t  edge- i n  t h e  bottom i s  uncoined. Now, t h e r e ' s  
two p laces  where an  apprec i ab le  o r  d i s s a s s o c i a t i o n  or whatever 
you want t o  c a l l  t he  mechanism, where t h i s  i s  apprec iab le .  O r i e  
i s ,  i f  you look a t  t h e ,  when you take  the  c e l l s  a p a r t  and you 
look a t  t h e  edge view as  i t  c3mes out and r e v e r s e  i t  you can 
t e l l  which s i d e  i s  coined. 

On t h e  edge view, the  coined s i d e  i s  not denominated. 
The uncoined edge you can a c t u a l l y  see  t h e  metal  g r i d  r i g h t  
under i t ,  But, then ,  c o n t r a s t i n g  wi th  t h a t ,  t he  coined edge 
across  the top,  which i s  what 1 a t t r i b u t e  t o  a high c u r r e n t  
dens i ty ,  also shows apprec iab le  denomination from the  ma te r i a l .  

HENNIGAN: Will S c o t t  from TRY? 
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SCOTT: If t ine  permits ,  I have sonie i n t e r e s t i n g  pno- 
tographs and ccJir:ments r e l a t i n g  t o  t h a t  exac t  po in t  of why Lhc 
top  edge con,ea a p a r t ,  -dhLch I th ink  Y O U ' L L  f i n d  vei-y i n t c r e s t i n g .  

irfENI"I1CAN: Do yau want t o  do i t  now?. F i r s t ,  i f  t h e r e  
i s  any niore ques t ions ,  w e ' l l  f i n i s h  t h i s  up f i r s t .  

FORD: We planned t o  d i s c u s s  t h a t  t h i s  a f t e rnoon ,  

IIE;\SNIC;AN : J ' i m  Cunlop ? 

DUNLOP: On the  cadmium migra t ion ,  d i d  you do any 
a n a l y s i s  f o r  cadmium on the  p o s i t i v e  e l e c t r o d e ?  

HZXNIGAN: No, we d id  n o t .  ??ill S c o t t ?  

SCOTT: D i d  you measure any kind of p o r o s i t y  o r  void 
volunie i n  tile p l a t e s  t h a t  you removed from t h a t  synchronous 
o r b i t  t e s t ?  

FORD: Mo. 

SCOTT: Your comments, Floyd, i n p l i e d  t h a t  t h e  changes 
t h a t  might o c c w  i n  t h e  p o s i t i v e  would l ead  t o  a g r e a t e r  por3s- 
i t y  - -  i nc rease  i n  t h e  p a r o s i t y .  I thought t h a t  was what 
you were implying. 

I wonder i f  you would a b s o l u t e l y  measure, had measured 
such changes. 

FORD: We d i d  not measure t h e  change of t he  dimension 
of t he  p o r o s i t y  of those  p l a t e s  i n  ques t ion .  Ne d i d  not mea- 
s u r e  t h e  change i n  p o r o s i t y  o r  p l a t e  dimensions on those c e l l s ,  
un fo r tuna te ly  because of t he  long, of the l eng th  of time those  
c e l l s  have been manufactured. 

We d o n ' t  hsve any r e fe rence  d a t a  t o  co:npare with any- 
way. The sbse rva t ion  and t h e  comment tha t  I made t h i s  morning 
i s  based on the  f a c t  that  every t i x e  we have had d a t a  on new 
p l a t e s ,  uncycled p l a t e s  -- and I'm speaking of p l a t e s  t h a t  a c t u a l -  
l y  where you have mechanical measurements p r i o r  t o  t h e  forma- 
t i o n  of ECT t e s t  and use i t  as  a r e fe rence  o r  even used p l a t e s  
t h a t  have been through the formation on ZCT t e s t  -- t h a t  we 
found and t h e  program was on a n  a0 Program, s o  i t  would be 
a governed 20 ampere hour,  we found t h a t  i n  approximately s i x  
months of cyc l ing  t h a t  each p l a t e  had increased  approximately 
10 percent  , each p o s i t i v e  p l a t e  had increased  approx.imately 
10 percent  Xn th i ckness .  



FTow, on another  program t h a t  I have been t issociated 
w i t h  interrnl.Lt,cntly :vas on the  workshop b a t t e r y  ne3e by EP 
and we found t h a t  t he  posiLive plaLes t h a t  they made f o r  those 
b a t t e r i e s  also shox a s i g n i f i c a n t  dimensional change. And 
you ' r e  not talkirig about Pive or s i x  yea r s ,  y o u l r e  t a l k i n g  about 
somcthing t h a t  can be iiieasured s i g n i f i c a n t l y  i n  six months and 
1 expect i t  can be measured s i g n i f i c a n t l y  i n  probably one o r  
two months of cyc l ing .  

I-IENNLGAN: 'rarvey Se ige r?  

SEIGER: I th ink  s e  11 g ive  some measurements where 
we determine thickening i n  SC'S, 27 cyc le s .  I presume we w i l l  
be speaking t n i s  a f t  e r n o m .  

HE;NNIGAX: Guy Rampel? 

ISAXPEL: J u s t  one co.w,ient r e l a t i v e  to e l e c t r o l y t e  r e -  
d i s t r i b u t i o n ,  the drying out of the  separatoi-  with time and 
r e l a t i a g  t h a t  t o  cadmiurn migrat ion,  I wanted t:, poin t  out t h a t  
t he  r a t e  of oxygen recombination i s  increas ing  and you ' re  g e t -  
t i n g  g r e a t e r  heat  on the  negat ive a s  t h a t  occurs and cadmium 
migrat ion i s  a f u n c t i o n  of temperature and cu r ren t  dens i ty ,  
c u r r e n t  discharge.  

HZ:PJ&TIGAN: Are t h e r e  any o t h e r  ques t ions?  Your name 
p lease?  

WERTHEIM: (Grmxan)  I j u s t  rrjarited t o  know, taking 
i n t o  a c c m n t  t h e  da ta  t h a t  you produced l a s t  yeay on s to rage  
and t h e  d a t a  you nave now on s to rage ,  have you come t o  any 
t e n t a t i v e  conclusion on which of the two s to rage  methods, 
t r i c k l e  charge or s to rage  c e l l s ,  are p r e f e r a b l e ?  

HENNIGAR: 'Well, t he  da ta  we had on t h e  sepa ra to r  
i t s e l f ,  t he  shor ted  c e l l s  was p r e f e r a b l e  and I t h i n k  with t h e  
e l e c t r i c a l  data -- i s  t h a t  r i g h t  Floyd? 

FORD: Yes. 

E-IENNIGAK: The d a t a  i s  based on t n a t  a l s o .  We had 
two t r i c k l e  charge t e s t s  t h e r e  and. $he sepa ra to r  was drying 
ou t .  This appears t o  t ake  away some of t h e  l i f e  of t h e  c e l l .  

IdERTHEIFI: T h i s  bears  out  our i n i t i a l  conclusions 
on t h a t ,  i s  t h a t  r i g h t ?  

I-IEI\TNIGAN: I don ' t  t h i n k  we s t a t e d  any last year .  
I mean, we d i d n ' t  have any t r i c k l e  charge da ta  l a s t  year .  



IJEn'LHEIhf: Severa l  yea r s  ago shor ted  c e l l s  were con- 
s ide red  t o  be b e s t  as f a r  a s  s to rage  was concerned, 

HEXKCAN: I 'mow. Kelre not  s a t i s f i e d  w i t h  t r i c k l e  
charge.  Okay. 

FORD: (Goddard) I have a ques t ion  r a t h e r  than a 
comrnent. We a r e  not  su re  what t h e  e l e c t r o l y t e  r e d i s t r i b u t i o n  
does f o r  you or' doesn ' t  bo f o r  you, whichever t h e  case  may be.  
Because I pa in t  out t h a t  when I s a i d  e a r l i e r  about the synchron- 
ous o r b i t  t e s t ,  i r "  you look a t  what we lmm today, you have t o  
assume t h e r e  would be e l e c t r o l y t e  r e d i s t r i b u t i o n  i n  tnose c e l l s .  

Now, those c e l l s  awe showing r e l a t i v e  t o  t e s t  condi- 
t i o n s ,  they a r e  showing a dec l ine  i n  capac i ty  and gene ra l  per- 
fninance of the  c e l l s .  I t ' s  not c l e a r  i n  my mind, based 011 
the  da t a  I have seen t h i s  morning ( i n a u d i b l e ) .  

I t t s  not j u s t  c l e a r  i n  my mind what t h i s  leads  to 
u l t ima te ly ,  i f  you don ' t  have t o  contend wi th  t h e  p o s i t i v e  
p l a t e  cons ide ra t ion  or t h e  high dens i ty .  

I-IEiIi\TIGAN: We have a ques t ion  back t h e r e .  Your name, 
p l ease?  

SCHULHAi\S: On the s e v e r a l  corrments made t h a t  t h e  
cadmium niigration i s  due to curren t  dens i ty ,  does anybody kn0t.t 
whether it's due t o  average c u r r e n t  d e n s i t y  o r  a pu lse  cur -  
r e n t  dens i ty?  

I n  o the r  words, i s  i t  the  instantaneous l i g h t  cu r ren t  
t h a t  causes t h e  cadmium migrat ion 31- i s  i t  the  o v e r a l l  cu r ren t  
flows? 

IIENNIGAN: Most of' t h e  t e s t  we have here  a r e  done 
a t  cons tan t  cu r ren t  discharging.  Tinere's no puls ing  going on 
and the  charged cu r ren t  does vary because we're using a taper--  
type charge.  It does vary i n  charge.  

We d o n ' t  any information on what pu l se  would do or  
higher  r a t e s  than  we're t a l k i n g  about and p a r t  of t h e  acce le r -  
a t o r  t e s t  i s  t o  r e a l l y  up the  r a t e s  on the  Ni /Cd  cell.  and 
these  type of -- i t  would be a b e t t e r  planned t e s t  on separator 
evalua t ion .  
year 

SD we may be a b l e  t o  answer those ques t ions  next 

Bill Marsch from Eagle P icher?  

IURSCH: I'm cur ious .  Is t h e r e  any reason why open 
c i r c u i t  discharge s to rage  mode was e l imina ted  from tnat  t e s t ?  

.) 



IIEENICAN: 'Je n o r a a l l y  don' 1; s t o r e  c e l l s  i n  the  open 
c i r c u i t  discharge xode, a l l  r i g l i t ,  i3.s a shor ted  s torage- type?  

(Laughter,  ) 

HENNIGAN: I t ' s  kind of a p r a c t i c e  welvs corne up with,  
I d o n ' t  know ii' I ' v e  seen any da ta  on -- Jim Dunlop t a lked  about 
i t  l a s t  year ,  I be l i eve ,  on the c i r c u i t  s tand .  

H i l l  S c o t t ?  

SCOTT: I w i l l  show a l i t t l e  da t a  on t h a t  po in t ,  I 
guess ,  t h i s  a f te rnoon a l s o ,  open c i r c u i t  discharge.  

FOIiD: To answer your ques t ion  s p e c l f i c a l l y ,  t h e  
reason it  was l e f t  o u t  -- they were not  the  p a r t i c u l a r  t e s t  
u n i t  included.  We have planned t o  compleinent t h i s  s e r i e s  
and t h a t  i s  orie of the f a c t s  we want t o  look a t .  

Ve discharge something l i k e  a 13 percent ,  but my be- 
l i e f  a t  t h i s  po in t  i s  I a m  not  going t o  g e t  too much d i f f e r e n c e  
t h e r e  than wnat I ' v e  seen 3n t h e  random t e s t  because now I'm 
leaving  the  cadmium a t  a f a i r l y  low r a t e  of charge. 

I don ' t  want t h e  conclusive i n t e r p r e t a t i o n  of cad- 
m i u m  migrat ion s o l e l y  r e l a t e d  t o  depth of discharge.  I t h i n k  
t h a t  g e t s  us t o  an important f a c t o r .  

Sco t t  showed a photograph t h i s  morning siioxing a 
p a t t e r n  of s tandard  migrat ion.  Now, i f  you want t o  spend t h e  
t i n e  and review t h e  probably timusands of pnotographs showing 
d i f f e r e n t  c e l l s ,  d i f f e r e n t  types of' cells and C i f f e r e n t  t e s t  
cond i t ions ,  I ' m  su re  you. cauld come up with something t h a t  
was a s i g n i f i c a n t  conclusion that t h e  cadmium y o u l l l  f i n d  i s  
going to be somewhat random, bihich leads  me  to be l i eve  those  
migra t ion  p a t t e r n s  as a t t r i b u t e d  t o  a random s t r e s s  due t o  
pressure  being c r e a t e d  a t  c e r t a i n  p o i n t s  w i th in  t h e  c e l l s .  

HENIITIGAN: B i l l  i larsch from Eagle P lcher?  

IWRSCH: I would Like t o  s e e  t h i s  type of s to rage  
included i n  this  kind of t e s t i n g  mainly because my personal  
preference  of s to rage  i s  discharge open c i r c u i t .  However, I 
have no d a t a  t o  back it up, 

The only  t h i n g  1 see  and l i ke  i s  a b a t t e r y  t h a t  has 
been s t o r e d  l l k e  this i s  much e a s i e r  t o  recondi t ion .  Fie have 
done i t ,  r e s t o r e d  b a t t e r i e s  f o r  b e t t e r  than two years ,  open 
c i r c u i t  dischdrged, and have never had any c e l l  f a i l u r e  due 
t o  t h i s  kind of s to rage .  
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t 
P i  

But t h e r e  is.  no da ta  t o  say yes  or nG and I would 
l i k e  t o  see  more of this p a r t i c u l a r  s t a r a g e  mode being included 
i n  sone of t h e  t e s t i n g  Gs2nc. 

FORD: Do you have t h e  money? 

(Laughter.  1 
HENNIGAM: Any more cornments o r  d i scuss ion?  D r .  

G r i f f  i n ?  

GRIFFIK: Is the re  a d i f f e r e n c e  i n  t h e  volume of 
e l e c t r o l y t e ,  whether you have a t e f l o n  e l ec t rode  o r  non-tef lon? 

'-IENNIGAN: There ' s  about 3 cc .  One c e l l  had 18 and 
t h e  o the r  c e l l  had 18s. The t e f l o n  had 18s. 

GRIFFIN: I wonder i f  t h e  t e f l o n  would have another  
b e n e f i c i a l  a f f e c t  bes ides  r e t a r d i n g  e l e c t r o l y t e  migrat ion i n t o  
t h e  e l ec t rode ,  j u s t  fron; a wet-out po in t  of view of p u t t i n g  a 
hydrophobic s t r u c t u r e  i n  t h e r e .  I know the  e l e c t r o d e  i s  
used t o  prevent t h a t .  

I am j u s t  wondering l a t e r  on it  would be l a t e r  on t o  
have t h i s  type of measurement on Sour s i d e s .  I know i t ' s  very 
d i f f i c u l t  on sonie of these  th ings ,  but I c e r t a i n l y  t h i n k  we 
might get  some c o r r e l a t i o n  here  between t h e  i n i t i a l  s t r u c t u r e  
of t h e  e l ec t rode ,  t he  f i n a l  s t r u c t u r e  of t h e  e l ec t rode  and 
VJhetiier you should r e a l l y  have a sepa ra to r  i n  t h a t  t h a t  has 
a similar s i z e  a t  the  end of sonie s o r t  of g rada t ion  i n  s i z e ,  
through t h e  sepa ra to r  

One could argue you should be aiming f o r  a s t r u c t u r e  
t h a t  i s n t t  uniform on f o u r  s i d e s  because t h e  e l ec t rodes  a r e  
changing i n  d i f f e r e n t  ways, 

HENWIGAN: M r .  Se ige r?  

.SEIGER:  How much t e f l o n  was p u t  on each e l ec t rode?  

HENNIGAN:  Well, in way of th ickness ,  t h i s  was l e v e l  
1. I would r a t h e r  t h e  nianufacturer coinrent on the th ickness .  

RAXPEL: Frankly,  i t  i s  not  a th ickness  s i t u a t i o n ,  
i t ' s  an  impregnation of t e f l o n  i n t o  the  e l ec t rodes  and  a con- 
c e n t r a t i o n  of t e f l o n .  

HEIL'NIGAN : D r  . Goudot ? 

GOUDOT: Have you seen any e f f e c t  of the t e f l o n  on 
t h e  recombina5ion r a t e  oE oxygen recombination? 
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Tlie f ab r i ca t io r i  technique i s  -- a s  you can? see -- 
two phases i n  this case .  The ~ ? L Y S ~  phase i s  the p repa ra t ion  
of tl;e f l e x i b l e  substriilie. The asbes tos  i s  irxpregnated w i t h  
a s o l u t i o n  of poly phenylene o,.;ide and chloroform. 

T h i s  was necessary f o r  two r z ~ ~ s o n s  : f'irst, t o  g ive  
tile asbes tos  so2e h a n d l a b i l i t y .  It's r a t h e r  f l e x i b l e ,  t h e  
(ma t t )  i s  r a t h e r  f l e x i b l e  and kind of d i f f i c u l t  t o  liandle. 
Also the  po lyphq lene  oxide was a b l e  t o  coat  t he  inorganic  
f i b e r s  of the asbes tos  and p r o t e c t  it from a t t a c k .  

The next  s t e p  i n  p repa ra t ion  i s  t o  t ake  this  impreg- 
nated asbes tos ,  form i t  into a bag by g lu ing  t h e  edges together  
int:, which we i n s e r t e d  t h e  e l ec t rodes .  Both e l ec t rodes  i n  
both s y s t e m  -- t h e  s i l v e r / z i n c  and t h e  nickel /z inc systems -- 
were i n s e r t e d  i n t o  t h i s  bag. 

The next s t e p  i s  the  a p p l i c a t i o n  of a coa t ing  i n  
t h i s  bag by dipping i t  
two organics  -- again,  
a p l a s t i c i z e r ,  both of 

We a l s o  used 
ceramics and inorganic  

( S l i d e  30.) 

i n t o  a s l u r r y .  The s l u r r y  contained 
a s  mentioned, polypnenyleneoxide and 
which a r e  so lub le  i n  chlorcform. 

some f i l l e r s  , some inorganic f i l l e r s  , 
f i b e r s ,  Next one? 

The performance we've noted wi th  tnese  systems i n  
the  s i l v e r / z i n c ,  these  a r e  GO ampere hour type c e l l s  -- t h i s  
i s  a f t e r  s t e r i l i z a t i o n ,  a f t e r  135 degrees f o r  about 230 hours -- 
we were a b l e  t o  ob ta in  aver 130 cyc les  a t  very deep depths ,  
This i s  100 percent  depth.  

We were a b l e  t o  o b t a i n  over 403 cyc les  at medium 
depths,  40 t o  50 percent  and over 1,000 cycles  a t  r a t h e r  . 
shallow depths,  7 to 15 percent  depth.  Now, t h i s  was a f t e r  
two years  or" s tand  p r i o r  t o  cyc l ing  with a t o t a l  w e t - l i f e  
of 3& yea r s .  

If we had cycled these  c e l l s  during t h i s  three-year  
wet s tand ,  we would have over 2,000 cyc les  and we do. bie have 
some c e l l s  t n a t  have been cyc l ing  cont inuously f o r  t h r e e  arid 
a h a l f  years .  

A s  far as the  n icke l /z inc  system, we have demonstrated 
300 t o  400 cyc le s  a t  depths ranging from 63 percent  t o  100 
percent .  I must s t r e s s  t hese  a r e  experimental  c e l l s ,  They 
happen t o  be t h r e e  p l a t e  c e l l s  t h a t  we've b u i l t  i n  our labora-  
t o ry .  

PRECEDING PAGE BLANK NOT FILMED 
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H I S T O R Y  

4 5  cl/ 
PER F O R M  A NCE --- 

" I  
1 

P U R P O S E  

- B U I L D  F L E X I B L E  S E P A R A T O R  T O  W I T H S T A N D  
S T E R I L I Z A T I O N  T E M P E R A T U R E  

M E T H O D  

- U S €  H E A T  K t S i S T A N T  M A T E R I A L S  

- U S E  K O H  R E S I S T A N T  M A T E R I A L S  

- -  C E R A M I C S  A N D  O T H E R  I N O R G A N I C S  

-- P P O  ( P O L Y P H E N Y L E N E  O X I D E )  

- F O R  F L E X I B I L I T Y  

-- P L A S T I C I Z E R  FOR O R G A N I C  

*-  F L E X I B L E  A B S O R B E R  A S  S U B S T R A T E  
( A S B E S T O S )  

: FIGURE 288 

INORGANICIORGANIC SEMIFLEXIBLE S E P A R A T O R  

U S E S  

- S U B S T A N T I A L L Y  E X T E N D E D  L I F E  O F  A g l Z n  S Y S T E M S  

- D E M O N S T R A T E D  C A P A B I L I T Y  I N  N i l Z n  S Y S T E M S  

P R E S E N T  AT1 O N  

. H I S T O R Y  O F  D E V E L O P M E N T  

- F A B R I C A T I O N  

* P E R F O R M A N C E  

- C O M P O N E N T S  

- S T R U C T U R E  

- FAILURE M O D E  

A g l Z  n AFT E R ST E R I L I2 A T  I G N  

- O V E R  100 C Y C L E S  A T  D E E P  D E P T H S  

- O V E R  4 0 0 , C Y C L E S  A T  M E D I U M  D E P T H S  

- O V E R  1000 C Y C L E S  A T  S H A L L O W  D E P T H S  

- -  2 Y E A R S  S T A N D  P R I O R  T O  C Y C L i N G  

- -  3-112 Y E A R S  T O T A L  WET L I F E  

N i l Z n  E X P E R I M E N T A L  C E L L S  

- 300 T O  400 C Y C L E S  A T  60% TO 100% D E P T H S  

FIGURE 30 

F A  B R I C A T !  O N  T E C H  N IO U E S 

F L E X 1  B L E  S U B  ST R A T E  

- A S B E S T O S  I M P R E G N A T E D  W I T H  P P O  

- I M P R E G N A T E D  A S B E S T O S  F O R M E D  INTO 1 
B A G  T O  A C C E P T  E L E C T R O D E S .  

F L E X 1  B L E  C O A T I N G  

- D I P  C O A T  O U T S I D E  W I T H  S L U R R Y  

-- O R G A N I C S  

P P O  

P L A S T I C I Z E R  
C H L O R O F O R M  

- -  F I L L E R S  

C E R A M I C  

I N O R G A N I C  F I B E R S  

FIGURE 29 
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Next s l i d e ,  p l ease?  

( s l i d e  31.) 

The mzin t h r u s t  of my t a l k  will d e a l  with t h e  s t r u c -  
t u r e  and the mechanism. Our i n i t i a l  cdncept 0.f t he  s t r u c t u r e  
of t n i s  p a r t i c u l a r  s epa ra to r  was der ived from i t s  manufacturing 
techniques -- t he  impregnation or prepa ra t ion  of a s u b s t r a t e  
upon which i s  deposi ted a coa t ing .  

So our i n i t i a l  s t r u c t u r e  was a 10 m l .  s u b s t r a t e  on 
t o p  of which i s  d.eposited a 5 m l .  coa t ing ,  Right; now we r e a l l y  
don ' t  know why t h i s  s epa ra to r  works we l l .  It was developed 
e n p i r i c a l l y ,  'out we do have soale c lues  which 1'11. t a l k  about 
l a t e r  on. 

And, a l s o  as a r e s u l t  of some in-house work and some 
cont rac ted  e f f o r t s ,  we have def ined the  s t r u c t u r e  a l i t t l e  b i t  
more than  t h i s  two-phase s t r u c t u r e  on top  the re .  

Next s l i d e ,  p l ease?  

( S l i d e  32 . )  

I n  our f i r s t  i n v e s t i g a t i o n ,  our first attempt to f i n d  
out vihat t h i s  separa tor  i s  t r u l y ,  we took i t  and broke it up 
i n t o  its two c o n s t i t u e n t  p a r t s ,  t h e  s u b s t r a t e  and the  coa t ing .  
And what we looked a t  here  was the  r e s i s t i v i t y  of t h i s  p a r t i c u -  
l a r  sample. 

The full sepa ra to r ,  t h i s  I s  with  t h e  s u b s t r a t e  and 
t h e  coa t ing  and i t s  thick.ness can range -- well ,  p lus  or  minus 
a m l . ,  i n  t h i s  case  i t  was 15.8 mls. -- and i t ' s  a r e a  r e s i s -  
t i v i t y  was 1.5 ohms/c:n.* 

The s u b s t r a t e ,  t h e  inpregnated f u e l  c e l l  grade as- 
bes tos ,  nominally 10 mls. t h i c k ,  i n  this case,  9.9, i t  has a 
r e s i s t i v i t y  of .5 ohms/cm.L and t h e  c a s t  f i l m  -- now, t n i s  was 
a f i l m  e a s t  on g l a s s  of t h e  s l u r r y  or t he  coa t ing  on t h e  as -  
bes tos  -- it was fs m l s .  t h i c k  and had an a rea  r e s i s t i v i t y  of 
.8 ohms/cm.2 

n 

O u r  next  s t e p  i n  looking a t  t h i s  s epa ra to r  was t o  
look a t  c a s t  f i lms  s ince  i t  d i d  c o n t r i b u t e  a s u b s t a n t i a l  amount 
of t h e  r e s i s t i v i t y  to t h e  sepa ra to r .  

Next s l i d e ,  p lease .  

( S l i d e  33. ) 

I n  $nves t iga t ing  cast  f i l m s  we c a s t  a bunch of them 
and we va r i ed  t h e  c o n s t i t u e n t s  of t h e  f i lm.  The way the  
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seqa ra to r  i s  made now t h e  c o n s t i t u e n t s  conta in  a p l a s t i c i z e r ,  

Xn these  f i lms  from A t o  G ,  t he  zero  f o r  the  A f i l m  r e p r e s e n t s  
t h a t  t h e  p l a s t i c i z e r  i s  not present  i n  t h e  c o n s t i t u e n t s ,  whereas 
the  one underneath the  PPO, t he  ceramic f i l l e r  
and the  f i b e r s  means t h a t  t h a t  component was p'resent. 

PFd, a ccrcrnic f i l l e r  and some inorganic  f i b e r s .  

Now, by comparing f i l m s  A and By the  only d i f f e r e n c e  
i s  t h a t  f i l m  A does not con ta in  a p l a s t i c i z e r  whereas f i lm  B 
does. The r e s t  of t h e  components a r e  t h e  same. The 
PPO i s  p re sen t ,  ceramic and inorganic  f i b e r s .  

A s  we n o t i c e  t h e  a b s o r p t i v i t y  of 45 percent  KOH de- 
c reases  d r a s t i c a l l y  when t h e  p l a s t t c i z e r  i s  removed a s  i n  
f i l m  A t n e  a b s o r p t i v i t y  i s  l e s s  than 1-0 percent  and t h e  f i l m  
B, I t ' s  over 35 percent .  

The r e s i s t i v i t y ,  t he  volume r e s i s t i v i t y  drops d r a s t i -  
c a l l y  when we add t h e  p l a s t i c i z e r  from 630 ohns/cm. f o r  f i l m  
A t o  60 ohins/cm. f o r  f i l m  3. 
can be g o t t e n  from comparing f i l m s  C and D. 

The same type of conclusion 

Again, a l l  the  c o n s t i t u e n t s  i n  f i l m s  C and D a r e  t h e  
same, except f i l m  C does not have a p l a s t i c i z e r  and f i l m  D does. 
The a b s o r p t i v i t y  of KO3 drops from 20 percent w i t h  t h e  p l a s t i -  
c i z e r  t o  Less than  10 percent  without t h e  p l a s t i c i z e r  and t h e r e  
i s  a l s o  an inc rease  i n  t h e  r e s i s t i v i t y  from 180 ohm/cm. f o r  
a f i l m  with t h e  p l a s t i c i z e r  t o  over 650 ohms/cm. f o r  a f i l m  
w i t h m t  t h e  p l a s t i c i z e r .  

So, by comparing these  four  f i l m s ,  A t o  D, we say, 
wel l ,  t h e  p l a s t i c i z e r  i s  important.  Okay, l e t ' s  drop everything 
out and see  what kind of f i l m  we can g e t  i f  we j u s t  use t h e  
two organics ,  t h e  p l a s t i c i z e r  and t h e  polyphenyleneoxide. 

So we c a s t  a f i l m  w i t h  t ha t  and t o  our s u r p r i s e  -- t h i s  
i s  f i l m  E -- and t o  our s u r p r i s e  we found the  a b s o r p t i v i t y  t o  
be r a t h e r  low and the  r e s i s i t i v i t y  t o  be extremely high.  Evi- 
dent ly ,  something e l s e  i s  necessary.  

So, looking a t  f i l m s  D, E, and F, we can say tha t  i f  
we have t h e  p l a s t i c i z e r  and t h e  PPO i n  f i l m  D and we add the  
ceramic f i l l e r  and compare t h a t  t o  f i l m  E which does not have 
the  ceramic f i l l e r ,  we n o t i c e  a drop i n  t h e  r e s i s t i v i t y  from 
1,000 t o  180 ohrns/cm. f o r  t h e  f i l m  w i t h  t h e  ceramic f i l l e r .  

The same type of conclusion can be obtained by using- 
f i l m  F and conparing i t  t o  f i l m  E. When we added the  inorganic  
f i b e r s  t he  r e s i s t i v i t y  drops from over 1,000 ohms/cm. a l l  t h e  
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way down t o  40 ohms/cm. For completeness we a l s o  cast t h e  
f i l n  G,  which i s  j u s t  t he  pure polyphenyleneoxide. It had 
e s s e n t i a l l y  no a b s o r p t i v i t y  and an extremely high r e s i s t i v l t y .  

So, our conclusion i s  t h a t  p l a s t i c i z e r  i s  important 
and we need something e l s e .  We wanted t o  f ind '  out why f i l m  
E had such a h igh  r e s i s t i v i t y  and f i lm  F d i d n ' t ,  so we used 
tne  scanning e l e c t r o n  microscope -- next s l i d e ,  p l ease  -- 

( S l i d e  34. ) 

-- i n  which we took these  appropr i a t e  films and i ' ractured 
them and looked a t  them a t  a 45 degree angle .  Now, i n  t h i s  
photograph, t h i s  i s  the  su r face  of the  film and t h i s  i s  t h e  
i n t e r i o r  of t h e  f i l m .  

The f i l m  conta ins  P20 and t h e  p l a s t i c i z e r  only and 
a s  you can see  i t ' s  ra ther  c e l l u l a r  i n  s t r u c t u r e  i n  t h e  i n t e r i o r  
b l i n d  pores and t h e r e f o r e  you can p o s t u l a t e  why t h e  absorptivi- 
t y  was low and the  r e s i s t i v i t y  was r a t h e r  high. 

I n  the next  viewgraph, t h i s  i s  a f i l m  conta in ing  
the inorganic  f i b e r s ,  p l a s t i c i z e r  and PF9. Again, t h i s  i s  
a f r a c t u r e d  f i l n  again,  t he  same type of arrangement. Again, 
we see t h e  c e l l u l a r  s t r u c t u r e .  

(S l ide  35.) 

I t ' s  much sixaller and we do see  some inorganic  f i -  
b e r s  permeatir4 from one c e l l  t o  another  and t h i s  probably 
gave us the  r a t h e r  high a b s o r p t i v i t y  and r a t h e r  low r e s i s t i v i -  
t Y  

Okay, from t h i s  we're saying t h a t  t h e  p l a s t i c i z e r  
i s  r a t h e r  important.  But bes ides  t h a t  we a l s o  need something 
t o  break up the  c e l l u l a r  s t r u c t u r e ,  whether i t ' s  the  ceramic 
f i l l e r  or t h e  inorganic  f i b e r s  or  any o ther  mechanism. 

Okay, t he  next viewgraph. 

( S l i d e  36.) 

Here, we're s t a r t i n g  t o  look a t  the  completed separa- 
t o r .  T h i s  i s  the  coa t ing .  T h i s  i s  looking face-on t o  t h e  
coa t ing  which i s  on top of t he  asbes tos  and what we saw using 
the scanning e l e c t r o n  microscope was a r a t h e r  continuous f i lm 
i n  which you can see  imbedded t h e  ceramic f i l l e r  and the  inor -  
ganic  f i b e r s ,  going along here .  

d 
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59. 

One i n t e r e s t i n g  thing we noted Is t h a t  we d i d  f i n d  
some holes t h a t  a c t u a l l y  pene t ra ted  i.nto i t  and we could see 
t h e  ceramic i ' i l lers on some 3f' tiiese and the inorganic  f i b e r s ,  
Our ques t ion  was: haw deep do these h o l e s  go? 

(Slide 3 6 ~ ~ )  
So, aga in ,  we took t h e  th ing ,  f r ac tu red  i t  and looked 

a t  i t  with tile scanriing e l q c t r o n  rrticrascape and the  next p 
graph was r a t h e r  r evea l ing  and s u r p r i s i n g .  This ,  again,  2 s  a t  
a 45 degree view of a f r a c t u r e d  coa t ing  and t h e  su r face ,  which 
we saw i n  a previous s l i d e ,  as you can see,  i s  very,  very t h i n .  

'cTnderneath t h e  sirrface 7 -  t h i s  i s  the  p l ea t ed  su r -  
f ace  -- underiieath the  surPace we have a very porous reg ion  
wnere we can see  the  ceramic f i l l e r ,  vinere we can see  t h e  inor -  
ganic  f i b e r s  -- and not  shown through here  -- you can see  t h e r e  
i s  an organic web holding these  inorganic  f i b e r s  toge ther .  

Xext s l i d e ,  p l ease .  

T h i s  i s  B c ross - sec t ion  of' a s epa ra to r  t h a t  was 
mounted t y p i c a l l y  and pol i shed  and tiicri we took a p i c t u r e  of 
i t .  In t h i s  case ,  t h i s  i s  the  coatifig,  t h e  s l u r r y ,  and t h i s  
i s  t h e  f u e l  cell grade asbes tos  s u b s t r a t e .  

This here  i s  t h e  mounting f o r  tile p a r t i c u l a r  sample. . 
The p a s t  two s l i d e s  we've d e a l t  with tile sur face ,  t he  veky t h i n  
su r face  up here  whlch i s  impervious and i t  does have sone 
holes  i n  i t  and t h e  major p o r t i o n  i n  t h i s  reg ion  which i s  t h e  
inorganic  m a t e r i a l  ne ld  toge ther  with by an organic  web. 

What we haven ' t  looked a t  o r  t a lked  about y e t  today 
i s  what i s  t h e  i n t e r f a c e  between t h e  coa t ing  and the  s u b s t r a t e ,  
what does i t  look l i k e  and what i s  t h e  s t r u c t u r e  of t h e  sub- 
s t r a t e .  You'd expect t h a t  s i n c e  we app l i ed  t h e  coa t ing  on a 
r a t h e r  porous s u b s t r a t e  t h a t  t h e r e  would be some pene t r a t ion .  

And, from t h i s  we're specula t ing  t h a t  i f  t h e r e  i s  any 
pene t r a t lon  of t he  coa t ing  i n t o  the  s a b s t r a t e ,  i t  probably i s  
t h e  organic  p a r t  of' t h e  s l u r r y ,  t h e  p l a s t i c i z e r  and t h e  PPO. 

We also not iced  t h a t  when we t ake  t h i s  s epa ra to r  
and expose it t o  IWH and allow i t  t o  expand f r e e l y ,  i t  s p l i t s  
r i g n t  down t h e  c e n t e r  of the  s u b s t r a t e .  

We wondered why t h e  heck t h i s  happens, but  i t  tu rns  
out i n  the  impregnation technique, i n  the  p repa ra t ion  of t h e  
s u b s t r a t e ,  when you coat  t h e  s u b s t r a t e ,  t h e  PPO 
does not pene$rate t o t a l l y  i n t o  t h e  s u b s t r a t e ,  It rerrlains on 
t h e  su r face ,  coa t ing  t n e  asbes tos  f i b e r s  on t h e  su r face  only.  
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Next s l i d e ,  p l ease .  

( S l i d e  3 8 . )  

' j 
So, to siunmarize, t h i s  i s  %hat  we t h i n k  t h e  s t r u c -  

t u r e  i s ,  i t ' s  no longer two-phase, i t ' s  no lbngc r  very  simple,  
Kie have t h e  coa t ing ,  again,  and t h e  s u b s t r a t e .  The coa t ing  
con ta ins  a s k i n  o r  c u t i c l e  or  whatever you want t o  c a l l  i t  t h a t  
has soxe ho le s  i n  i t .  

Underneath i t  i s  a r a t h e r  porous reg ion  of the i n -  
organic material h e l d  toge the r  by, inorganic  m a t e r i a l  he ld  to-  

i n t o  the  s u b s t r a t e ,  t h e  s u b s t r a t e ,  t h e  cen te r  p o r t i o n  of t he  
s u b s t r a t e  l i g n t l y  imnpregnated a sbes tos  and/or pure,  raw asbes- 
t o s  and on t h e  bottom p a r t ,  .the ?PO coat ing ,  t h e  asbes tos  f i b e r s .  

ge the r  by an organic  web. -1 i'nen, an  organic  p e n e t r a t i o n  reg ion  

Ke j u s t  r e c e n t l y  t r i e d  t o  determine what t h e  composi- 
t i o n  or" t h i s  p e n e t r a t i o n  reg ion  was, so  we used. the 12 spec t ro-  
meter and we found out to our s u r p r i s e  t h a t  i t  i s  organic ,  b u t  
t ha t  i t  conta ins  a lot of p l a s t i c i z e r ,  not very KiUCh ppo, 

So it looks l i k e  i n  t h e  p e n e t r a t i o n  reg ion  t h e r e  i s  
some f r a c t i o n a t i o n .  
tion r e g i m  and t h a t ' s  what we're do ing  t o  t r y  t a  f i n d  out 
whether or  n o t  t h e  deeper you go i n t o  t h e  p e n e t r a t i o n  r eg ion  
c l o s e  to t h e  su r face  -- from here to here  -- whether o r  not  
you f i n d  l e s s  and l e s s  p l a s t i c i z e r  and more and more PPO, 

\?e want t o  look deeper i n t o  tiiis penetra-  

Also we want t o  f i n d  out what t h e  composition of 
the  s k i n  i s ,  We t h i n k  i t ' s  compose5 of t h e  p l a s t i c i z e r  and 
t h e  ?PO, but  we're not su re ,  

Okay, r?ext s l i d e ,  p l e a s e ?  

(S l ide  39.) 

Now, t h i s  i s  the  f a i l u r e  mode, The s i l v e r / z i n c  sys- 
tem using t h i s  s epa ra to r  -- when t h e  s i l v e r / z i n c  c e l l  f a i l s ,  
i t  f a i l s  by pene t r a t ion ,  c a t a s t r o p h i c  sho r t ing  of a zinc 
nodule,  not  a zinc dendrite, an a c t u a l  z inc  nodule. 

I t ' s  r a t h e r  l a r g e ,  something l i k e  one, two or t h r e e  
mi l l ime te r s  i n  diameter .  And, i n  looking f o r  th i s  s h o r t ,  you 
have t o  s e p a r a t e  the two bags and t h e  nodule w i l l  s t i c k  t o  
e i t h e r  t h e  z lnc  bag or t h e  s i l v e r  bag. 

I n  this p a r t i c u l a r  case., which i s  a c ros s - sec t ion  
of t h i s  nodule, t h e  nodule s tuck  t o  t h e  s i l v e r  bag. This  i s ,  

4 
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tnis  reg ion  i n  here  i s  the  s i l v e r  s epa ra to r ,  t h i s  i s  the a s -  
bes tos  arid t h e  coa t ing .  The zinc sepa ra to r  i s  t h e  asbes tcs  
for t h e  zinc sepa ra to r  i s  over here  and  you can see t h e  coa t ing  
e x i s t i n g  r igh t  here .  

It looks l i k e  the  zinc nodule,  from t h e  zinc e l ec t rode ,  
grew out  i n t o  t h e  a sbes tos ,  t r i e d  t o  f i n d  t h e  p lace  where i t  
could p e n e t r a t e  t h e  coa t ing ,  found. i t ,  spread out  again,  look- 
ing f o r  a way t o  p e n e t r a t e  t he  s i l v e r  coa t ing ,  found i t ,  pene- 
t r a t e d  t h e  coa t ing  f o r  the  sepa ra to r  on the  s i l v e r  e l e c t r o d e  
and then  spread out and a c t u a l l y  touched t n e  s i l v e r  e l ec t rode .  

. 
??e looked a t  t h i s  nodule using x-ray d i f f r a c t i m  and 

scannlng e l e c t r o n  microscope with t h e  (EDX),  energy d i s p e r s i v e  r 

x-ray. We found out t ha t  i.n t .his reg ion ,  s u r p r i s i n g l y ,  i t ' s  
dark -- amorig o the r  t h ings  -- t h i s  region i s  dark and you 
would expect i t  t o  be white .  

We found a l o t  of e lemental  s i l v e r  i n  t h i s  reg ion .  
Ve a l s o  found i n  t h e  nodule,  these  i s  some s i l v e r ,  not much, 
but  t h e r e  i s  some and i t ' s  a l l  z lnc.  Ne f'oLind zinc i n  this 
r eg ion  and we also found z inc  up i n  t h i s  region,  obviously.  

Next s l i d e ,  p l e a s e ?  

( S l i d e  40.) 

A s  f a r  as t he  on-going i n v e s t i g a t i o n s ,  we both have 
in-house e f f o r t s  and a l s o  con t r ac t ed  e f f o r t s  and we're looking 
a t  d i f f u s i o n  -- we're running some d i f f u s i o n  t e s t s  f o r  s i l v e r  '_  

complexes, z inc  complexes and KOH, 

We're also running r e t e n t i o n  t e s t s  f o r  t h e  s i l v e r  
spec ie s .  We're a l s o  running var ious  conduct iv i ty  t e s t s ,  t r y i n g  
t o  f i n d  out what makes t h e  sepa ra to r  t i c k ,  t h e  composition of 
s t r u c t u r e d  l a y e r s  -- as I mentioned -- we want t o  f i n d  ou t  what 
i s  t h e  composition. 

And we're a l s o  i n t e r e s t e d  i n  when t h e  sepa ra to r  i s  
i t  e f f e c t i v e  -- e i t h e r  aging or use e f f e c t s .  I must add tha t  
we're also working q u i t e  heav i ly  i n  making t h e  sepa ra to r  a 
l i t t l e  b i t  more f l e x i b l e  s o  we can wrap i t  around t h e  e l ec -  
t rodes  and we a r e  a l s o  working on mass-producing t h i s  s epa ra to r .  

The way i t ' s  b u i l t  now, i t ' s  a hand opera t ion ,  expen- 
s i v e ,  slow, but  we a r e  working on mass-production techniques.  
Thank you. 

HENNIGAN:  Do we have any ques t ions  f o r  iW. Bozek? 

COGER: ( G A F )  What a sbes tos  f i b e r  do you use?  
Could you g ive  me more d e t a i l  on tha t?  
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BOZEK: It's r e g u l a r  fuel c e l l  grade a sbes tos  which 

you can o b t a i n  from t h e  Johns Mansville people. 

KEENIGAN : Nr . G r i f f  i n ?  

GRIFFIN: 
of gas s ing  i n  KOH and a l s o  wasn't t h e r e  a n  i m p u r i t y  problem of 
i o n  with t h e  a sbes tos  f i b e r ?  
problems ? 

Wasn't t h e r e  some problem wi th  t h e  system 

1 How do'you go around these  two 

BOZEK: Well, t h i s  was g o t t e n  around by impregnating 

There was 
t h e  a sbes tos  with polyphenyleneoxide and ev iden t ly  i t ' s  work- 
ing  because we're not  g e t t i n g  any gass ing  problems, 
some, I guess ,  i r o n  i n  t h e  a sbes tos  and we t r i ed  t o  coa t  t h e  
a s b e s t o s  f i b e r s  with t h e  polyphenyleneoxide. D i d  I answer 
your ques t  i o n ?  

GRIFFIN: I was wondering on a long-term e f f e c t  
which,.you know, why people a r e  here ,  t h e  next ques t ion  i s  
how does t h i s  apply t o  nickel/cadmium system? 
t h i s  system has enough a i r  pe rmeab i l i t y  f o r  i t  t o  f i t  i n t o  
a nickel/cadmiwn system? 

Do you t h i n k  

- 
BOZEK: I ' n  not  a nickel/cadmium man, so  I c a n ' t  

answer t h a t ,  I ' m  s o r r y .  
i 

HENNXGAM: We d i d  measure t h e  a i r  permeabi l i ty  of 
t h i s  m a t e r i a l  and i t  j u s t  doesn ' t  pass  much a i r .  I t 's  very 
slow. Something w i l l . .  have t o  be done to it t o  make it more 
porous. Steve Gaston of Grumxan? 

GASTON: Do you have any e l e c t r i c a l  performance 
information,  l e t ' s  say,  i n  t h e  s i l v e r / z i n c  c e l l ,  what it 
looks l i k e  i n  t h e , , s e p a r a t o r s  l i k e , t h e  vol tage  c h a r a c t e r i s -  
t i c s ,  what they look l i k e ,  whether t h e  high dens i ty  p r o f i l e s  
look  l i k e ?  

SOZER: Yes, t h e r e  a r e  some c o n t r a c t  r e p o r t s  ou t ,  
one by A 1  Hirny, 
I t h i n k  it's CR-1812 and i t  w i l l  g i v e  you some performance 
c h a r a c t e r i s t i c s ,  And t h e  o t h e r  one i s  a f i n a l  r e p o r t  from 
t h e  Stanford-Research I n s t i t u t e  under D r .  Smatko, w a s  
j u s t  r e l e a s e d  a few months ago and he does have performance 
on t h e  c e l l s  t ha t  a r e * o n  t e s t  over t h e r e  r igh t  now. These 
a r e  240 amp/hour s i l v e r y z i n c  c e l l s  made o r i g i n a l l y  a t  t h e  Astro- 
power f a c i l i t y  many, nany yea r s  ago. 

when he was with t h e  kstropower people.  
J 

HENNIGAN: J i m  I-Iarkness of Crane? 

HARKPTESS: You said on your cyc l ing  you were run- 
ning  100 percent  depth uf discharge  c y c l e ,  Were you running 

d 



a C over two ra te  and g e t t i n g  40 amp/hours pe r  c e l l ?  

3OZEK: The ques t ion  i s  what i s  130 percent .  I 
guess  people consider  100 percent  the formation capac i ty .  
We're not  g e t t i n g  t h e  formation capac i ty  out a t  a C over two 
r a t e .  We're g e t t i n g  around 75 percent  of' tha t .  

HARKNESS: Are you running a t w o - s k p  discharge? 

BOZEK: This i s  a cons tan t  -- no, i t ' s  cons tan t  
r e s i s t a n t  discharge.  I t ' s  not  a cons tan t  cu r ren t .  

HENNIGAN : Sam Bogner , JPL? 

BOGNER: Are you running any c o n t r o l  c e l l s  with 
o the r  types  of s e p a r a t o r s ?  

BOZEK: I guess  t h e  only t h i n g  we can consider  a 
c o n t r o l  would be a similar c e l l  using t h e  SWIGX sepa ra to r .  
I wouldn't consider  a c o n t r o l ,  but i t ' s  opera t ing  on t h e  same 
regimes and it was i n i t i a l l y ,  t h e  c e l l  was i n i t i a l l y  b u i l t  to 
t e s t  t h e  GX m a t e r i a l  as t o  j t s  a p p l i c a b i l i t y  t o  t h e  s i l v e r /  
z inc  system and i t  i s  performing we l l ,  

I have no da ta  and t h e r e  i s  data available.  .If 
you'd con tac t  me, I ' d  c e r t a i n l y  t r y  to g e t  ahold of i t  for 
you. i3ut t h a t  i s  about t h e  only c o n t r o l  t h a t  we're running 
r i g h t  now. 

HENNIGAN: A i j i  Uchiyama? 

UCHIYAMA: I n  your experimental  c e l l s ,  you ind ica t ed  
t h e s e  were nickel /z inc c e l l s ?  

BOZEK: The n icke l /z inc .  Yes, t he  experimental  
were nickel /z inc c e l l s .  

UCHIYAIVLA: O h y : ,  well,  LE %he s i l v c r / z i n c  c e l l s ,  
what was t h e  r a t i o  of the p o s i t i v e  to nega t ive?  

BOZEK: I c a n ' t  answer. I r e a l l y  d o n ' t  know. I 
t h i n k  something l i k e  two t o  one s t i c k s  i n  my mind. There i s  
twice as much z inc  as t h e r e  i s  s i l v e r ,  i n i t i a l l y ,  a m  I r i g h t ?  
Okay . 

I 

UCHIYAMA: What was t h e  answer? 

BOZEK; Two t o  one was t h e  r a t i o  between zirrc t o  
I 

s i l v e r  -- twice as  much z inc  as t h e r e  i s  s i l v e r ,  I 
d . 
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HENNIGAN: . Marty Sulkes? 

SULYdS: Zave a l l  these  s e p a r a t o r s  i n  your l a t e s t  
c e l l s  been s t e r i l i z e d ?  

BOZEK: Some of them have been and some of them have 
n o t  been s t e r i l i z e d .  

sums: Do you f i n d  you have t o  g i v e  them a s t e r i l i z a -  
t i o n  t reatment  t o  g e t  t h e  r e s i s t a n c e  down? 

* 

BOZEK: No, we f i n d  tha t  you have to hea t  t r ea t  them 
t o  g e t  t h e  -- wel l ,  t o  g e t  t h e  capac i ty  i n .  The s t e r i l i z a t i o n  
temperature i s  not  necessary,  but  we r a n  i t  because i n  t h e  t e s t ,  
t h e  v ik lng  mission r equ i r ed  s t e r r l l z a t i o n ,  so  we d id  run i t .  

HXNNIGAN : Bob S t e inhauer ? 

STEINX.AUER: What form i s  t h e  PPO t h a t  ends up next 
t o  t h e  s i l v e r  p l a t e ?  

BOZEK: I n  what form i s  it? 
- 

STEINIIAUER: You know, i n  f i b e r s  o r  i s  it a -- 
BOZEK: No, PPO i s  i n  a solu-  

t i o n  i n i t i a l l y  and t h e  s u b s t r a t e  i s  then  impregnated with this 
s o l u t i o n  and t h e  s o l u t i o n  evaporates  leav ing  t h e  pP0, . , - 

Now, I don ' t  know. whether i t ' s  coa t ing  t h e  f ibers,  
or i t ' s  a shee t  -- I r e a l l y  cou ldn ' t  say.  

STEINHAUER: Is t h i s  the main th ing  t h a t  r e s t r i c t s  
yow permeabi l i ty  o r  a i r  flow? 

BOZEK: I ' r e a l l y  don ' t  know. The a i r  flow may be a 
f u n c t i o n  of soak t imes,  i t  may be a f u n c t i o n  of how the  separa-  
tor  i s  used. i f  I were t o  make a guess,  I would say t h a t  t h e  
a i r  flow i s  probably r e s t r i c t e d  more by tha t  coa t ing  on t h e  
su r face ,  t h a t  s k i n ,  

HENNIGAN: We have t o  g e t  to lunch a t  1:OO and maybe 
we could cont inue t h i s  d i scuss ion  a f t e r  lunch and we d i d  have 
one more sho r t  comment by John Perry on t h e  inorganic  s e p a r a t o r ,  
i s  t ha t  r i g h t ?  

And w e ' l l  start wi th  that a f t e r  lunch. We'l l  go out 
t h e  back way here .  Some of t h e  people from Goddard can l ead  
the  way. We w i l l  be back a t  2 : O O .  

(WhCreas, t h e  proceedings r eces s  for lunch at 1:oo.) 



AFTERNOON SESSION 

( 2 : 0 0  p.m.) . 

HENJIGAN: Could we have everyone come i n ,  p l ease ,  
so we could s t a r t  the  a f te rnoon?  We still have a few more 
t i c k e t s  f o r  the c o c k t a i l  p a r t y  and we're still going t o  go 
f o r  t h r e e  bucks. " 3 : O O  the  p r i c e s  goes up. 

We have one a d d i t i o n a l  speaker on s e p a r a t o r s  and 
it's more o r  less r e l a t e d  t o  t h e  t a l k  tha t  John Bozek gave 
t h i s  morning. Is M r .  John Perry,  o r  D r .  John Perry here from 
Arthur D. L i t t l e ,  inorganic  s e p a r a t o r s  f o r  a l k a l i n e  b a t t e r i e s .  

PERRY: Thank you. A t  9 : O O  o ' c lock  t h i s  morning, 
I Gidn ' t  know I was going t o  be s tanding  here, so  t h i s  i s  
not  a formal  p r e s e n t a t i o n  but  a b r i e f  summary of the work 
which we're doing under c o n t r a c t  t o  NASA/Lewis with these  
inorganic  sepa ra to r s .  

What we've s e t  out t o  do i s  t o  t r y  and expla in  the 
mechanism by which these s e p a r a t o r s  work, t o  t r y  and expla in  
wny they  perform b e t t e r  t han  t h e  (ce l lophane) ,  t h e  s o r t  of 
c y c l e  l i f e  i s  concerned, and I t h i n k  t h e  prime a r e a  tha t  i s  
of i n t e r e s t  or has been of i n t e r e s t  t o  us i n  t h e  l a s t  few 
months, has  been expla in ing  why they are  e f f e c t i v e ,  so t h e  
d i f f u s i o n  b a r r i e r s .  

I t h i n k  t h e  p r i n c i p l e  po in t  about t h e s e  sepa ra to r s  
i s  they  do succeed i n  preve.nting s i l v e r  migration. T h i s  gives 
t h e  e x t r a  l i f e  compared t o  (cel lophane)  without providing a 
very much g r e a t e r  r e s i s t a n c e  t o  the  c e l l .  

And 1 t h i n k  i f  one was to look and f i g w e  merit 
f o r  s i l v e r / z i n c  sepa ra to r s ,  one ought t o  compare these  two 
Zactors,  t h e  s i l v e r  b a r r i e r  c a p a b i l i t y  and t h e  conduct iv i ty ,  
So we s e t  out  t o  t r y  and exp la in  why these  s e p a r a t o r s  are  e f -  
f e c t i v e  i n  prevent ing s i l v e r  d l f f u s i o n ,  

The f i rs t  p o i n t  t ha t  we considered was t h a t  t h e  i n -  
organic  component could ope ra t e  i n  some way as an  i o n  exchange 
m a t e r i a l .  The ceramic component which John Bozek d i d n ' t  men- 
t i o n  t h i s  morning, i s , a  de fec t  oxide and does have a su r face  
nega t ive  charge and the po in t  t ha t  occurred t o  me was t h a t  per- 
haps t h i s  su r face  nega t ive  charge i s  capable  of p ick ing  up t h e  
few s i l v e r ,  so luable  s i l v e r  spec ie s  t h a t  occuyred i n  s o l u t i o n .  

Now, d e s p i t e  t h e  f a c t  t ha t  they do occur  as negat ive  
ions ,  I t h i n k  tha t  t h e  r e v e r s e  oT t h e  c o n t r a c t s  i n  pi40cess could 
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occur f o r  absorp t ion  of t h e  s i l v e r  on the su r face .  So we 
looked i f i i t i a l l y  f o r  evidence t h a t  t h e  inorganic  component 
d i d  show some ion  exchange c a p a b i l i t i e s .  
examined was t h e  pH of t h e  s lu r ry  of t h e  ceramic powder and 
one does f i n d  t h a t  i t  does behave as a s o r t  of a weak acid 
and produces a bas i c  s o l u t i o n  when mixed with water. 

The f i r s t  po in t  we 

That seems t o  i n d i c a t e  t ha t  the su r face  i s  absorbing 
hydrogen ions  and l i b e r a t i n g  some hydroxyl i ons  i n  s o l u t i o n .  
The pH s h i f t  i s  r a t h e r  t o  be s m a l l .  I t ' s  j u s t  a u n i t  and a 
half or  so. 

1. 

But t h e r e  i s  an  i n d i c a t i o n  that  the  s u r f a c e  charge 
fs p r e s e n t ,  Also we d i d  s m e  ze ta  g e t e n t f a l  and e lec t rophred-  
i c  v e l o c i t y  measurements and t h i s  does confirm tha t  the sur -  
f a c e  does have a negat ive  charge.  

But along with these  measurements we were s t a r t i n g  
t o  c a r r y  out conduct iv i ty  and measurements of d i f f u s i o n  of 
KOH. 
a t u r e  and concent ra t ion .  

We were doing t h e s e  measurements as a func t ion  of temper- 

- And t h e  s u r p r i s e  t o  us  was t h e  ex ten t  t o  which t h e  
s e p a r a t o r  i n t e r a c t e d  with t h e  e l e c t r o l y t e ,  t h e  amount of the 
p l a s t i c i z e r  t ha t  we were a b l e  to l each  out and t h e  changes i n  
conduc t iv i ty  and d i f f u s i o n  r a t e s  that occurred a f t e r  these 
s e p a r a t o r s  had been p r e t r e a t e d  t o  e l eva ted  temperatures,  no t  
n e c e s s a r i l y  corresponding t o  s t e r i l i z a t i o n  but  a t  l e a s t  80 
degrees Centigrade f o r  s e v e r a l  hours.  

So t h i s  genera tes  t h e  o t h e r  p o s s i b i l i t y  that  what 
we a r e  doing i s  gene ra t ing  microporous membrane or some o t h e r  
form of membrane i n s i d u ,  
involved i n  s i tu .  

So we s ta r ted  looking a t  t h e  concepts 

And I t h i n k  t h a t  the main p o i n t  to come out of t h e  
measurements t h a t  we've made i s  tha t  t h e  p o s s i b i l i t y  t h a t '  
what we're doing here  i s  i n  t h e  d i i p i r g  process i n  t he  manu- 
f a c t u r e  of the sepa ra to r ,  we a r e  c r e a t i n g  a s k i n  oh t h e  sur -  

' f a c e  of t h e  coated l a y e r  tha t  John Bozek showed t h i s  morning 
I and tha t  t h i s  s k i n  c o n s t i t u t e s  a microporous membrane that  i s  

t h i n  enough to have good conduc t iv i ty  but  i s ,  neve r the l e s s  
an  e f f e c t i v e  value f o r  t h e  d i f f u s i o n  of the s i l v e r .  

1 t h i n k  one of t he  i n t e r e s t i n g  p o i n t s  t h a t ' s  come 
out of t h e  r e s u l t s  i s  t h a t  i f  we look a t  two of these  separa-  

l tors toge ther  i n  t h e  conf igu ra t ion  i n  which they  e x i s t  i n  
1 

and s l i v e r  ions  by r a d i o  t r a c e r  techniques through one s e p a r a t o r  
and two sepa ra to r s ,  t h e  ciiffusion ra te  i s  cu t  by a f a c t o r  of 

t t h e  c e l l  and compare the d i f f u s i o n  rates of potassium hydroxide 

a 
1 

I . 
I 



f i v e  f o r  t h e  two sepa ra to r s ,  no t  the  f a c t o r  of two. If we 
l aok  a t  t h e  sane e f f e c t  in conduc t iv i ty ,  p u t t i n g  two separa-  
tors touching each oth-?r ,  we see  e x a c t l y  double the  resis-  
t i v i t y ,  so  t h e r e  a r e  two d i f f e r e n t  mechanisms occurr ing  here .  

I t h i n k  i n  d i f f u s i o n  t h e r e  i s  s i g n i f i c a n t  d i f f u s i o n  
through flaws, p inholes ,  c racks  i n  t h i s  t h i n  s k i n  on t h e  out- 
s i d e  of t h e  coa t ing ,  which e f f e c t i v e l y  -- when you put  two 
s e p a r a t o r s  t oge the r  you c u t  down t h e  r a t e  of d i f f u s i o n  through 
these  de fec t s  -- but the conduction mechanism i s  not  a f f e c t e d  
by doubling up the  s e p a r a t o r ,  * 

I n  o the r  words, we have something of a s p e c i a l  con- 
duc t ion  mechanism here.  I would suggest  that t h e  p r i n c i p l e  
conduction i s  by hydrox 1 ion.  You would expect t he  t r a n s f e r  
number t o  be very high i n  t h e  concentrated e l e c t r o l y t e  anyway. 

It looks a s  i f  we have t h i s  i n  the  membrane a s  well .  
But, as ever ,  we d i d  one experiment t oo  much and we do observe 
a c a t i o n  e f f e c t  as wel l .  The c o n d u c t i v i t y - v a r i e s  i f  we vary 
t h e  c a t i o n s ,  so  we have something s t i l l  of a problem t o  exp la in  . 
here .  

- 

But t h a t ' s  about t h e  s i t u a t i o n  we a r e  a t  t h e  moment 
wi th  this program whi'ch i s  still i n  prugress .  Thank you. 

RENNIGAN: Are t h e r e  any ques t ions  f o r  D r .  Per ry?  
Char l ie  Pa landa t i ?  

P A M N D A T I :  Actua l ly  my ques t ion  i s  t o  Mr. Bozek and 
not D r .  Perrx. About a year  and a h a l f  ago we had a t e s t  pro-  
gram i n  conjunct ion with f$ASA/Lewis i n  HS-40-7. It looked 
l i k e  we were looking a t  problems on t h e  c e l l s  a f t e r  approxi- 
mately 20 or 30 cyc le s  i n  a synchronous o r b i t .  

But t h e  c e l l s  were no longer  capable of d e l i v e r i n g  . t h e  rated capac i ty  a t  t h e  high c u r r e n t  r a t e ,  i n  t h i s  p a r t i c u -  
l a r  case,  C over two or 20 amps. We cou ldn ' t  get, any more 
than  18 or l.9 amp-hrs. 

S i x  months Later when we went i n t o  t h e  next  per iod  
we a l s o  found aga in  we could no longer  g e t  t he  40 ampere hcurs  
out  aga in .  We were no b e t t e r  than about 18 ampere hours ,  A t  
t h e  same time NASA/Lewis was running a t e s t  similar t o  ours 
and they  had i t  showing t h e  same th ing .  

The only way they  could g e t  t h e  capac i ty  out a f t e r  
a while was by dropping t h e  discharge r a t e  down t o  2 amps. 
I was wondering whether -- I know fiASA/Lewis d i d  r ece ive  t h e  
c e l l s  back -- i was wondering when they went ahead and "Lore 

i 
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t h e  c e l l s  down a s  to whether they  found out  anything i n  regard  to 
e l e c t r o l y t e  concent ra t ion ,  dryness of p l a t e s ,  s epa ra to r s  and s o  
f o r t h .  

0 

BOZEK: I r e a l l y  don ' t  know i f  I could answer your 
quest ion.  We d i d  have a problem with the  Crane c e l l s .  The 
problem, I th ink ,  was i n  t h e  charging and the vol tage  l i m i t  
t ha t  was used i n  aocharging c e l l s ,  when we charged them. 

1 t h i n k  -- i f  I ' m  -- they  were overcharged a l i t t l e  
b i t ,  considerably overcharged and t h i s  may have con t r ibu ted  
t o  t h e i r  s h o r t  l i f e  and t h e i r  capac i ty  -- you ' re  gassing,  
you ' re  drying out ,  you ' re  doing t h i n g s  tha t  you don ' t  want 
t o  do with t h e  s i l v e r / z i n c  c e l l ,  when you overcharge them. 

PALANDATI: I t h i n k  B i l l  Nagel a l s o  saw on h i s  t e s t  
where he r a n  one cyc le  a day. At t h e  end of 100 cyc les ,  he 
was only a b l e  to g e t  out 18 amps, a t  t h e  end of' t he  f i r s t  
hundred' cyc le s  

A t  t h e  end of 200 cyc les ,  he a l s o  aga in  could not 
g e t  t h e  nominal 40 amps out .  It was somewhere i n  t h e  neighbor- 
hood of 20 amps. 

BGZEK: Was t h i s  a t  100 percent  depth you ' r e  t a l k i n g  
about?  

PALANDATI: 50 percent  depth,  one cyc le  per  day. 

BOZEK: I ' m  no t  familiar wi th  t ha t  work. A t  50 per- 
c e n t  depth,  we have demonst'rated 400 cyc le s .  Now, these may 
have been c e l l s  t h a t  were cycled when the t e s t i n g  appara tus  
was not  capable of l i m i t i n g  t h e  charge,  t he  amount of charge 
by vol tage  l i m i t .  0 

T h i s  may have been the  case .  I ' m  not  sure ,  I'm not  
farniliar with t h a t  one. 

PALANDATI: On t h e  vo l t age ,  what would you recormend 
as being a good vol tage  l i m i t  for those  p a r t i c u l a r  s i z e  c e l l s ?  

\ BOZEK: I can answer t h a t  by saying t h a t  it depends 
on t h e  type of sepa ra to r  you use and who makes i t .  
ampere hour c e l l s  t h a t  were made a t  t h e  Astropower Laborator- 
i e s  and a r e  being t e s t e d  r i g h t  now, two v o l t s  and something 
below t h a t  l i k e  1.99 -- i f  you cons ider  t h a t  being below -- 
would be a good l i m i t  f o r  tha t  p a r t i c u l a r ,  f o r  thab c e l l  t h a t  
was b u i l t  by A1 Hiw- a t  t h e  Astropower Laborator ies .  

The 40 

If ~ v e r  2 ,eq le  use di.ffere?lt dipping techniques o r  
coa t ing  techniques,  you may f i n d  tha t  you have t o  reduce or  

d 



maybe inc rease  the  vol tage  l i m i t  because of t h e  IR drop i n  
yaur sepa ra to r ,  but a t  this p a r t i c u l a r  s epa ra to r ,  two v o l t s  
seems t o  work very wel l  f o r  us .  

HENNIGAN: Marty Klein,  do you have a ques t ion  for -- 
KLEIN: Y e s ,  on t h e  mechanism of s topping s i l v e r  -- 

I ' m  no t  su re  I understood -- you t h i n k  t h e  inorganic  m a t e r i a l  
i s  a c t u a l 1  a s i l v e r  sponge and absorbs the  s i l v e r ?  

PERRY: I thought t h i s  was a p o s s i b i l i t y  i n i t i a l l y  
and we d i d  some experimental  work to t r y  and e s t a b l i s h  t ha t .  
Tne measurements we've done with s i l v e r  r e t e n t i o n  s i n c e  tha t  
t ime i n d i c a t e  that  t h e  amount or" s i l v e r  t h a t ' s  plcked up by 
t h e  ceramic i s  i n s i g n i f i c a n t  compared to t h e  amount of i n t e r -  
a c t i o n  of t h e  organic  component of t h e  s e p a r a t o r ,  

I was somewhat l i m i t e d  i n  t ime and I d i d n ' t  get  
through t o  t e l l i n g  the  whole s t o r y ,  but  we've done 'some s i l -  
ver  d i f f u s i o n / s i l v e r  r e t e n t i o n  measurements t h a t  I d i d n ' t  
mention. 

- 
And we f i n d  tha t  t h e r e ' s  a s i g n i f i c a n t  i n t e r a c t i o n  

with PPO and pamt icu lar ly  with t h e  p l a s t i c i z e r  and I t h i n k  
this does very much more i n  t h e  way of providing a chemlcal 
s i n k  f o r  s i l v e r  than does the ceramic component. 

The hope i s  t h a t  the ceramic component might be 
r e v e r s i b l e .  I n  o t h e r  words, i t  would p i c k  up t h e  s i l v e r  on 
charge and then  on discharge i s  %ne -- t h e  amount of complex 
s i l v e r  i on  i n  s o l u t i o n  decreases ,  i t  could come back o f f  the 
inorganic  component and p l e a t  o u t ,  

KLEIN: Is that  t r u e  though? 

PERRY: We haven ' t  done enough work t o  f i n d  out  
whether t h a t ' s  t r u e  or no t .  This  would r e q u i r e  a very long 
term experiment. Wetre j u s t  s t a r t i n g  with now with some 
exe rc i sed  membranes, 

$ 

I These a r e  membranes that  have gone through I t h i n k  
1,000 days of opera t ion  on s tand  and on charge and they p i ck  
up a l o t  of s i l v e r .  I want t o  see now whether t h e  inorganic  
component can c o n t r i b u t e  t o  t h e  pickup of s i l v e r .  

HENNIGAN: We have a ques t ion  from Ron Haas, Phi lco-  
i Ford. 

1 t a t i o n  t h a t  t h e  primary I ' a i lu re  mfde, or a s  I i n t e r p r e t  i t ,  t h e  
HAAS: I t h i n k  I understocd! i n  t he  previous  prcsen- 

I 
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only  f a i l u r e  mode of t h i s  p a r t i c u l a r  s epa ra to r  i s  a z inc  pene- 
t r a t i o n  and i t  i s  not  f e l t  tha t  a s i l v e r  one i s  -- what's 
y3ur feelings ? 

. .  

' .  

PERRY: Well, the f a i l u r e  mode i s  z inc  p e n e t r a t i o n  
because t h e  s e p a r a t o r  e f f e c t i v e l y  s t o p s  d i f f u s i o n  of the s i l -  
ver  and we s e t  ou t  t o  exp la in  t h a t  i n  the f i r s t  p lace .  

HAAS: One o t h e r  ques t ion , , t hen .  If we were deal-  
ing  with a c e l l  i n  which t h e r e  was no 
s e n t ,  what would be t h e  f a i l u r e  mode of tha t  p a r t i c u l a r  c e l l ,  
separator-wise? 

z inc  o r  cadmium pre-  

PERRY: I presume we're talking about s i l v e r  hydro- 
gen tha t  -- 

WAS: Yes. 

(Laughter.)  

PERRY: I t h i n k  you could e f f e c t i v e l y  con ta in  t h e  
s i l v e r  t o  g ive  you a very good s tand  or cycle  l i f e .  If you 
want t o  guess,  I suspec t  t h a t  y o u ' l l  e i t h e r  f lood  out  or 
dry out  your hydrogen e l ec t rode .  Jose  Giner? 

GINER: Could you exp la in  the  s i l v e r  r e t e n t i o n  by 
t h e  f a c t  t h a t  the sepa ra to r  i s  very t h i c k  and you don ' t  have 
convect ion? 'Simply by f i x e d  flow, i t  should be very low due 
t o  t h e  low concent ra t ion  of s i l v e r  i n  the s o l u t i o n .  

PERRY: T h i s  i s  a p o s s i b i l i t y .  We do see  a d i f f e r -  
ence i n  lookfng a t  s i l v e r  d i f f u s i o n  through t h e s e  s e p a r a t o r s  
by i n v e r t i n g  the  p o s i t i o n  wi th  r e spec t  t o  t h e  h igh  concen- 
t r a t i o n  of s i l v e r .  

You -mow, t h e s e  a r e  not i s o t r o p i c  sepa ra to r s .  They 
s t a r t  of f  w i th  t h i s ' c o a t i n g ,  which I t h i n k  has a t h i n  f i l m  i n  
f r o n t  of i t ,  then  t h e  ceramic which i s  he ld  i n  p l ace  by t h e  
organic  component. 

Then you have t h e  a sbes tos  which i s  being coated with 
PPO. So t h e  asbes tos ,  1 think,  i s  a r e s e r v o i r  i n  t h e  c e l l  
ope ra t ion  conta in ing  t h e  movement of e l e c t r o l y t e  i n  t h e  c e l l  
and c e r t a i n l y  it does immobilize to a g r e a t  ex ten t  the el-ectro- 
l y t e  t ha t  i t  con ta ins  and t h i s  could reduce t h e  amount of 
d i f f u s i o n  of t h e  s i l v e r .  

We are sort of s l i c i n g  up t h e s e  sepa ra to r s  a t  t h e  
moment i n  looking a t  t h e  d i f f u s i o n  r a t e s  through the  var ious  
l a y e r s  of t h e  sepa ra to r  t o  s e e  what e f f e c t  t h i s  might have. 



H E W I G A N :  We$1, that  concludes the s e s s i o n  on s e a l s  
and s e p a r a t o r s  and t h i s  a f t e rnoon  we ' l l  cont inue wi th  s to rage  
experiance and !:iacufacturlng developments and i n  t h i s  s e s s ion  
Floyd Ford w i l l  be t h e  Chairman. 

FORD: Tnank you, Torn. The arrangement of the  
speakers  the res t  of t he  af ternoon,  f i r s t ,  w i l l  be i n  the 
s to rage  and e f f e c t s  of s to rage  recondi t ion ing .  Then w e ' l l  
move on i n t o  t h e  a r e a  of m a t e r i a l s  f o r  manufacturing as far  
as impregnation, cen te r ing  and t h e n  w e ' l l  move on i n t o  t he  
a n a l y s i s  area and i f  t i m e  p e r m i t s  we w i l l  probably get on i n t o  
some of t h e  areas related t o  t e s t i n g .  

And the reason I wanted t o  b r i n g  t h i s  up i s  tha t  I 
have s e v e r a l  cards  here  t h a t  we probably won't g e t  t o  today, 
but  we w i l l  p l an  to p i c k  them up first t h i n g  i n  t h e  morning. 

We have t h r e e  d i scuss ion  r e l a t i v e  t o  s t o r a g e  e f f e c t s .  
The  f i r s t  one i s  Mr. Stan Krause of Hughes A i r c r a f t  Company. 
The sub jec t  i s  Storage, Reconditioning Test Methods D u r i n g  t he  
Non-eclipse Periods.  S tan  Krause, p l ease .  

- KRAUSE: Good af ternoon.  Hughes A i r c r a f t  Company 
s t a r t e d  t o  run  some long-term s to rage  t e s t s  i n  1969 on 15 
amp/hour General E l e c t r i c  c e l l s .  The system a p p l i c a t i o n  a t  
t h a t  t i m e  was for IEIXEAT4 and y o u f l l  f i n d  t h a t  what we 
c a l l  t h e  var ious  s to rage  modes are somewhat a p p l i c a b l e  t o  t h a t  
system -- t h e  charge rates,  d ischarge  r a t e s  and t h a t  s o r t  of 
th ing .  

And unfor tuna te ly ,  they  won't f i t  everybody e l s e t s  
system o r  some of t h e  o the r  t e s t s  t ha t  have been run. However, 
when I talk about s to rage  and s to rage  recondi t ion ing  we a r e  
d i scuss ing  t h e  pe r iod  f o r  syrichropous o r b i t  spacec ra f t  i n  
which t h e r e  i s  a sun season of approxiniately 120 t:, 130 days 
between e c l i p s e  seasons -- twice a year .  

And, a l though t h e  b a t t e r i e s  have to remain a c t i v e  
and perhaps a t  c e r t a i n  tirties support the  spacec ra f t  i n  t h e  
event of f a i l u r e s  and power r equ i r ed  t o  c l e a r  shoi-ts and/or 
ope ra t e  o the r  devices,  i t  r e s l l y  i s  a stora'ge per iod  that i s  
q u i t e  c r i t i c a l  t o  t h e  long-term ope ra t ion  of t he  spacec ra f t .  

(Slide 41,) 
I t h i n k  t h e ' f i r s t  viewgraph summarizes t h e  f i v e  d i f -  

fe re f i t  types  of s to rage  modes. You'll have to excuse our Publ i -  
c a t i o n  Group, t h e y ' r e  very e n t h u s i a s t i c  and these  co lo r s  a r e  
ve ry  e x c i t i n g .  

We have f i v e  f i v e - c e l l  b a t t e r y  packs i n  t h i s  t e s t ,  
each of which went i n t o  a. p a r t i c u l a r  kind or̂  s to rage  mode. 
Pack. No. 1 was e s s e n t i a l l y  open c i r c u i t  s to rage  i n  t h e  charged 



cond i t ion  f o r  123 days a t  a t ime and it was p e r i o d i c a l l y  top-off 
charged a t  approximately C over 36 f o r  48 hours,  every 30 days. 

There were some small loads  on t h e  b a t t e r y  which s i m -  
u l a t e d  te lemet ry  and c e r t a i n  charge r e g u l a t o r  diodes t ha t  hang 
on t h e  b a t t e r y  on t h e  spacec ra f t ,  s o  i t ' s  not r e a l l y  and t r u l y  
open c i r c u i t  stok-age, bu t  c losed.  

I n  any case,  Pack 1 was simply charged every 30 days, 
j u s t  topped up f o r  48 hours.  
loads ,  however, every 30 days, a t  l e a s t  s t a r t i n g  i n t o  t h e  -- t h i s  
i s  a rea l  t ime tes t  by the way -- every 30 days s t a r t i n g  i n t o  
the, a f t e r  the  t h i r d  season, i t  was cycled. It was charged for 
48 hours,  discharged a l l  t h e  way'down t o  around 1.1 v o l t s  pe r  
c e l l  and then  recharged aga in  and l e f t  t ha t  way fo r  another  
30 days. 

Pack N o .  2 a lso had te lemet ry  

The t h i r d  pack a l s o  had te lemet ry  loads ,  however, 
that  was placed on a continuous C over 36 charge f o r  t h e  e n t i r e  
120 days s to rage  per iod .  Pack No. 4 was a l s o  placed on cont inu-  
ous C over 36 t r i ck le -cha rg ing  cont inuously and t h e  d i f f e r e n c e  
between Pack 3 and Pack 4 i s  t h a t  p r i o r  to the  s t a r t  of each 
s imulated e c l i p s e  season, P&ck Eo. 4 vias recondi t ioned  by deep 
cyc le  and a recharge.  

Pack No. 3 was not  recondi t ioned  before  an e c l i p s e  
season, i t  would j u s t  simply go r i g h t  stpalght i n t o  t h e  f i r s t  
cyc le  of t h e  e c l i p s e  season. Pack No. 5 would be discharged 
down t o  around 1.1 v o l t s  p e r  c e l l  t o  a very,  very low s t a t e  
of charge and then  just simply allowed t o  s tand  open c i r c u i t  
w i th  a smal l  t e lemet ry  load ,  

Those a r e  t h e  f i v e  d i f f e r e n c e  modes of s to rage  i n  
the r ight-hand column -- kind of summarize what we're doing 
wi th  them. 

The simuia.ted e c l i p s e  s e a s m  i s  not r e a l l y  as nea t  
as one would l ikr,  i t  t o  be i n  a s imula t ion  of a t r u e  synchron- 
ous o r b i t  a p p l i c a t i o n ,  It cons i s t ed  of 30 cyc le s  of 1 .2  hours 
a t  a C over 2 discharge r a t e  and then  a recharge f o r  10.8 hours; 
So we were running a 12-hour cyc le ;  i t  was semi-accelerated,  
30 cyc le s  worth, every 120 days.  

1 

And, as i emphasized, t h i s  i s  a r e a l  t ime t e s t .  
Okay, the  next  viewgraph, Floyd, p l e a s e ?  

I 

( S l i d e  42, ) 
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P r i o r  to each s imulated e c l i p s e  season and a f te r  
r econd i t ion ing  a t  l e a s t  on four  packs which a r e  recondi t ioned,  
t h e  f i f t h  one was no t ,  a c t u a l l y  Pack No. 3. Ne would run ca- 
p a c i t y  t e s t s .  

Here, f o r  ins tance ,  i n  t h i s  f i v e - c e l l  b a t t e r y  pack, 
a r e  t h e  c a p a c i t i e s  as a f u n c t i o n  -- i t  says  t es t  number, i t ' s  
a c t u a l l y  t h e  f u n c t i o n  of each s imulated e c l i p s e  season -- the 
e i g h t h  season i s  f o u r  yea r s  of rea l  t i m e .  

The temperature i s  between 60 and 70 degrees Fahren- 
h e i t  throughout the f o u r  years .  A s  you can see ,  Pack No. 3, 
which i s  on continuous t r i ck le -cha rge  with no recondi t ion ing  
p r i o r  t o  the  s t a r t  of t h e  30 cyc le  e c l i p s e  season, has been 
showing an increased  capac i ty  year  by year  t o  an  e s s e n t i a l l y  
1.15 v o l t  pe r  c e l l  average, which i n d i c a t e a  perhaps a sharpen- 
i n g  of t h e  -knee of t h e  cu r se  -- a t  l e a s t  for t h a t  p a r t i c u l a r  
pack. . 

A s  you can see the pack with t h e  h ighes t  capac i ty  i s  
N o .  5. That  was open c i r c u i t  discharged with t h e  te lemet ry  
load. Pack No. 4 i s  cont inuously t r i ck le -cha rged  a t  C over 
36 with recondi t ion ing .  

Pack No. 2 .is open c i r c u i t  charged s t and  wi th  cyc- 
l i n g  every 30 days t o  r econd i t ion  it and Pack No. 1 i s  simply 
charged every 30 days i n  a top-off manner and t h a t  one -- a t  
l e a s t  i n  t h a t  capac i ty  with those measurernents -- does not  
look  nea r ly  as good as t h e  o t h e r s .  

The next viewgraph, I be l i eve ,  w i l l  show the  capa- 
c i t i e s  t o  5.5 v o l t s  f o r  t h e  pack, which is  a l i t t l e  b i t  lower 
i n  t n e  discharge curve t o  roughly 1.1 v o l t s  p e r  c e l l .  

( S l i d e  43. ) 

The o r d e r ' h a s n ' t  changed. The open c i r c u i t  d i s -  
charged pack looks t h e  b e s t .  The pack which i s  simply top-off 
charged every 30 days looks t h e  worst .  And, again,  Pack No, 
3 has shown inc reas ing  capac i ty  season by season. 

Next one, p l ease?  

(S l ide  44.) 

And now the capac i ty  to 5 v o l t s ,  which i s  a stand- 
ard t o  which a lot of people measure c e l l s ,  shows i n t e r e s t i n g  -- 
Pack No. 5, of course,  s t i l l  looks q u i t e  good -- we do see  
capac i ty  growth with t i m e ,  presumably perhaps cor ros ion  of t h e  
p o s i t i v e  e l ec t rode  s i n t e r ,  

d 
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Pack No. 5 s t i l l  looks the b e s t ,  a s  you can see, from 
1369 a11 t h e  vay t o  1973. Season Eo. 8 i s  i n  September of 1973, 
i t ' s  j u s t  completed. And Pack No. 4, again,  still looks second- 
b e s t  i n  capac i ty .  

And i n t e r e s t i n g  tha t  the  capac i ty  t o  one v o l t  p e r  c e l l  
f o r  Pack No. 3 has r e a l l y  no t  changed s i n c e  the tes t  s t a r t e d ,  
whereas, a s  you saw before ,  i t  was inc reas ing  t o  1.15 v o l t s  
and 1.1 v o l t s ,  which i n d i c a t e s  a sharpening i n  the  knee of t h e  
curve and I don ' t  y e t  understand exac t ly  why i t ' s  doing t h a t ,  
I i n v i t e  comments l a t e r  on, 

Pack No. 2,  which i s  cycled every 30 days, recondi- 
t i oned  every 30 days, does not l o o k  as good as % and 5, or" 
course ,  And N o ,  1 s t i l l  looks t h e  worst i n  terms of capac i ty  
and tha t  was simply charged every 30 days during t h e  non-ecl ipse 
per iod .  

Next one, Floyd, p l e a s e ?  

( S l i d e  45.) 

%ere ' s  t h e  end of discharge vol tage  f o r  each pack 
- 

i n  t h e  f i r s t  shmtlated,  30-cycle e c l i p s e  season. A s  you can 
see, t h e y ' r e  p r e t t y  w e l l  grouped. Pack No. 5 genera l ly"  s ta r ted  
o f f  t h e  t e s t  looking a l i t t l e  b i t  b e t t e r  than  t h e  o t h e r s  and 
Pack No. 1 was t h e  lowest of them. 

The o t h e r  t h r e e  were p r e t t y  well  grouped toge the r .  
It shows i n  t ha t  f i r s t  season what would normally be expected -- 
a low dec l ine  i n  t h e  d ischarge  vol tage .  

(S l ide  45a.) 
The next  viewgraph shows t h e  -- a f t e r  two yea r s  i n  the 

f o u r t h  season, 1971 -- t h i s  one has some end-of-charge data a l so  
p l o t t e d  on t h e  upper pa r t  of t h e  graph f o r  the l a s t  half of 
t h e  t e s t  and, a s  you can see, by the  f o u r t h  season we have con- 
s i d e r a b l y  more divergence i n  t h e  end-of-discharge vo l t age  char- 
a c t e r i s t i c s  of each pack. 

, But Pack No. 5 i s  s t i l l  r i gh t  up t h e r e .  However, 
Pack No. 1 has corne up cons iderably  from l a s t  p l ace  t o  second 
p lace .  They're still reasonably w e l l  grouped toge the r ,  1 
don ' t  s ee  anything t h a t  r e a l l y  s e p a r a t e s  a f t e r  two y e a r s  one 
method from t h e  o t h e r  i n  terms of end-of-discharge vo l t age  
through any s imulated e c l i p s e  season. 

I 
I 

I However, looking a t  t h e  end-of-charge vol tage ,  we 
I 
I 

do see a s i g n i f i c a n t  d i f f e r e n c e  and Packs 3 and 4, t h e  two 
packs which a r e  on continuous t r i c k l e  charge f o r  t h e  non-eclipse 
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per iod ,  a r e  showing s i g n i f i c a n t l y  lower and perhaps more 'uni-  
form end-of-charge vol tages ,  cycle-by-cycle,  a f t e r  two y e a r s ,  
The end-of-charge vol tages  f o r  packs 1, 5 and 2 a r e  considera-  
b 13- high. 

Now, t h e  next  viewgraph shows the same kind of data. 
We had a l i t t l e  t e s t  problem t h e r e  on Pack 5, as you can see.  
I don ' t  t h i n k  the b a t t e r y  exh ib i t ed  that  kind of behavior ,  
T h i s  i s  t h e  seventh s imulated e c l i p s e  season and we s t i l l  i n  
the  end-of-discharge vo l t ages  see  fur ther  spreading of the  
c h a r a c t e r i s t i c s  over the e c l i p s e  season cycle-by-cycle.  

( S l i d e  46.) 

Pack 5 s t i l l  looks g r e a t  and t h a t ' s  t h e  one t ha t ' s  
s t o r e d  open c i r c u i t  discharged with a small teleriletry load  on 
i t ,  The end-of-discharge vo l t age  has shown l e s s  d e t e r i o r a t i o n  
than  the o t h e r s ,  

Pack l a n d  2 are s t i l l  no t  too bad, a l though Pack 4 
i s  looking almost as good as Pack 5 and tha t ' s  t h e  one tha t ' s  
cont inuously t r ick le-charged  and recondi t ioned  before  each 
e c l i p s e  season. 

Next viewgraph, p l e a s e ?  

(S l ide  47. ) 

L e f t  a viewgraph out ,  it may be a l i t t l e  hard t o  see .  
On t h e  le f t -hand  side,  we p l o t t e d  t h e  end-of-discharge vol tage  
f o r  each pack on t h e  bottom of t h e  l e f t  and t h e  end-of-charge 
vo l t age  f o r  e'ach pack on t h e  upper l e f t  f o r  t h e  e a r l y  p a r t  of 
each e c l i p s e  season, year  by year ,  during the f i r s t  f o u r  o r  
f i v e  cyc le s .  

We picked a po in t ,  1 bel ieve ,  a t  about t h e  t h i r d  
or  f o u r t h  cyc le  of each season and then  p l o t t e d  the end-of- 
charge vo l t age  year  by year  and the end-of-discharge vo l t age  
year  by year .  

Pack No .  5 c l e a r l y  -- t h i s  data i s  s l i g h t l y  smooth 
from some of t h a t  t e s t  data you saw -- but  Pack No. 5 i n  t h e  
e a r l y  cyc les  of each e c l i p s e  season each year  ivmediatel-y o r  
r a t h e r  began t o  show a t r e n d  toward high end-of-charge vol tage,  
whereas t h e  o t h e r  packs, e s p e c i a l l y  Pack 4, which i s  t h e  con- 
t inuous  t r i ck le -cha rge  with recondi t ion ing ,  Pack 4 showed 
s t e a d i l y  decreasing end-of-charge vo l t ages  year  by year .  

If you looked a t  t h e  e a r l y  performance i n  each 
c l i p s e  season, howcver, i n  conJiii~ictlsn x i t h  the i f i c r e a s i ~  
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end-of-charge f o r  Pack N o ,  5 year  by year ,  i t  a lso exh ib i t ed  
end-of -discharge vol tages  which were h p r o v l n g  season by sea-  
s m ,  1oGking a t  t he  sane cyc le  i n  each year ,  a s  d5-d Pack ITo~ 
2. 

Packs No. 1, 2 and 3 were f a i r l y  uniform f o r  the 
four  yea r s  and d i d  not  degrade s i g n i f i c a n t l y  e a r l y  i n  the 
e c l i p s e  season. Looking a t  the  30th cyc le  i n  each e c l  
season year  by Xear we s t i l l  see  that  Pack No. 5 i s  sh 
s i g n i f i c a n t  i nc rease  i n  end-of-charge vol tage.  

I don ' t  s ee  any k ind  of s e l f - r econd i t ion ing  or 
anything l i k e  t h a t  l a t e  i n t o  each e c l i p s e  season. I see  no 
change i n  the end-of-charge vol tage ,  The t r end  i s  s t i l l  to- 
ward a very r a p i d  r i s e  and by t h e  end of t h e  eighth season, 
t h e  t e s t  on Pack 5 was terminated due t o  severe bulging and 
obvious gassing i n  t h e  c e l l ,  which one would expect a t  the  
vo l t age  that  i t  d i d  g e t  to. 

Packs 3 and 4, t h e  two packs t h a t  are  t r ickle-charged,  
aga in  show t h e  lowest and most c o n s i s t e n t  end-of-charge vo l t ages  
over t h e  four  years  l a t e  i n  t h e  e c l i p s e  season. A s  f a r  a s  
end-of-discharge vol tage  i s  concerned, Pack 5 s t i l l  showed t h e  
b e s t  end-of-discharge vol tage  and I ' m  con jec tu r ing  t h a t  we 
don ' t  s e e  an  e l e c t r o l y t e  r e d i s t r i b u t i o n  problem. 0 

I would expect t o  see  low end-of-discharge vol tage  
f o r  t h a t  pack, If i t  were dry,  f o r  i n s t ance ,  and we don ' t .  
The discharge vol tage  performance i s  e x c e l l e n t  i n  Pack No. 5 
even though t h e  c e l l s  were swel l ing  and we had t o  te rmina te  
t h e  t es t .  

And, again,  Pack 4 c l e a r l y  s t ands  out over the four-  
year  pe r iod  as providing the  most uniform end-of-discharge 
vol tage  c h a r a c t e r i s t i c s ,  whereas Packs 1 and 3 and 2 a r e  a 
l i t t l e  lower and degrading can be seen  wi th  t i m e .  

on i t .  
shows a 

Okay, next one, p l ease ,  Floyd? 

( S l i d e  48.) 

This i s  kind of a busy-looking th ing .  I won't dwell  
Perhaps we can look down toward t h e  bottom. T'nis 
summary, c e l l  by cel l -  of each pack i n  t h e  end-of-charge 

and end-of-discharge vol tages ,  every season. 

And looking down, t h i s  i s  for t h e  30th cyc le  i n  each 
season, Looking down a t  season No, 8 at t h e  bottom and reading 
a c r o s s  f o r  the  end-of-charge and end-of-d.ischarge vc l t ages  f o r  
each pack. 

d 
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Note t ha t  Pack 5, as I said which we d i d  terminate ,  
showed the h ighes t  and most uniform end-of-discharge vol tage  
performance of any of t h e  packs.  It was rea1l.y e x c e l l e n t .  It 
j u s t  v a r i e d  c e l l  by c e l l ,  j u s t  by m i l l i v o l t s  a f t e r  Zour years .  

However, t h e  end-of-charge vol tages ,  as you can see, 
a r e  a l l  low -- a l l  except one -- t h e  c e n t e r  one i s  very low, 
i t ' s  a gauge c e l l  and i t ' s  leak ing ,  And I tend to discount  t h a t  
kind of performance. 

The o t h e r  f o u r  c e l l s  a11 aye we l l  above 1.5 v o l t s  and 
obviously con t r ibu ted  -- was t h e  cause of the  swel l ing  or a 
symptom of t h e  gass ing .  The Pack 1, which i s  j u s t  top-off 
charged p e r i o d i c a l l y ,  i s  not  t o o  bad, showing low charge vol tages ,  
a reasonably good end-of-discharge vol tage .  

Pack 2, l ikewise ,  Pack 3, a l s o  shows r e l a t i v e l y  
un i fo rn  end-of-discharge vo l t ages  f o r  t h i s  1.2 hours cyc le  a t  
C over 2.  However, Pack 4 g e n e r a l l y  seems t o  produce t h e  
next  b e s t  end-of-discharge vo l t age  from Pack 5 and f a i r ly  uni- 
form and low charge vol tages .  

- The next  viewgraph summarizes t h i s  one, perhaps it's 
a l i t t l e  c l e a r e r .  

(S l ide  49. ) 

The maximum vol tage  d i f f e r e n c e  wi th in  each pack i s  
p l o t t e d  he re  frorn t h e  highest  c e l l  to t h e  lowest c e l l  for each 
season. If you run  down and look a t  t h e  vol tage  divergence, 
f o r  instance, .  the end-of-discharge vol tage  divergence for each 
pack, y o u ' l l  no te  t ha t  it approaches a miniinum toward t h e  f i f t h  
season, i nva r i ab ly ,  which I f i n d  i n t e r e s t i n g : .  

H t  seems t h a t  t h e  c h a r a c t e r i s t i c s  of each pack, t h e  
i n d i v i d u a l  c e l l s  arq? converging season by season to t h e  f i f t h  

However, t h e  two packs which g e n e r a l l y  showed t h e  b e s t  composite 
performance i n  botn end-of-charge and end-of-discharge vol tage  
are Packs 3 and 4, both  ol" which a r e  on continuous t r i c k l e -  
charge,  a l thougn Packs 2 and 1 are s t i l l  showing acceptab le  
performance. 

. season and then  they  begin t o  sepa ra t e  and diverge sharp ly .  

Next one, p l ease ,  Floyd? 

(S l ide  50.) 

T h i s  i s  kind of a swnmary and i t ' s  my own ranking, 
if one wants to rank t h e  performance over four yeazs as t o  
what the  irnpressiori g ; a h e ? ~  from t h e  data i s  fGr thesn Ce l l s  
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under t h e s e  circumstances,  Pack No, 1, which i s  p e r i o d i c a l l y  
charged every 30 days i n  t h e  non-ecl ipse season, showed a 
T a i r l y  s t z b l e  end-of-dischzrge vol tage  tkXGugilout t he  t e s t ,  
Xowever, a f t e r  t h r e e  yeErs, t h e  capac i ty  began to degrade 
f a i r l y  sha rp ly  and i n  g e n e r a l  I t h i n k  that ' s  probably about 
the  f o u r t h  b e s t  way of handl ing t h e s e  ce l l s  under these tes t  
cond i t ions ,  

Pack No. 2 -- a l l  of t h i s  i s  a n  ove r s impl i f i ca t ion ,  so 
bea r  that  i n  mind -- Pack No. 2 i s  open c i r c u i t  charged s tand,  
with pe r iod ic  cyc l ing .  I t ' s  a charge,  a discharge and a re- 
charge every 30 days. 

And, again,  t h e  end-of-discharge vo l t age  was f a i r l y  
s t a b l e  throughout t h e  t e s t ,  j u s t  degraded slowly. The f i r s t  
two years ,  it looked very good, bu t  then  the degradat ion and 
t h e  end-of-discharge vol tage  c h a r a c t e r i s t i c s ,  a c c e l e r a t e d  
f a s t e r  than  packs 3 and 4, and t h i s  i s  perhaps c o n s i s t e n t  wi th  
some o the r  data tha t  J i m  Dunlop may have g o t t e n  a t  Comsat a l s o .  

Pack KO. 3, which i s  t r i ck le -cha rge  continuously,  
has no r econd i t ion ing  before  each e c l i p s e  season, nor recon- 
d i t i oRing  be fo re  each capac'ity measurement p r i o r  t o  the 
e c l i p s e  season, showed a s t e a d i l y  inc reas ing  end-of-discharge 
vol tage  e c l i p s e  season by e c l i p s e  season a t  least  i n  i t s  
c h a r a c t e r i s t i c s  t o  1.15 v o l t s  and 1.1 v o l t s  and remainea p r e t t y  
s t a b l e  i n  capac i ty  to a v o l t  throughout t h e  t e s t .  

The end-of-charge performance was very uniform and 
very  l i t t l e  d i f f e rence  between t y p i c a l  end-of-charge vol tages  
from t h e  f i r s t  season t o  t h e  e i g h t h  season. 
which i s  cont inuously t r ick le-charged  a t  C over 36, was re- 
condi t ioned before  each e c l i p s e  season and t h a t  one, I th ink ,  
based on t h e  data I ' v e  seen, g e n e r a l l y  showed t h e  most stable 

a very and uniforrn performance over t h e  e n t i r e  fou r  yea r s  --- 
accep tab le  end-of-charge vol tages  and very acceptab le  and uni- 
form end-of-discharge vo l t ages  over a11 e i g h t  seasons, . 

Pack No, 4, 

The f i f t h  pack to the time we terminated t h e  t e s t  had 
ve ry  good end-of-discharge vol tage  performance and very  good 
capac i ty .  However, it had extremely high end-of-charge vo l t ages  
a f t e r  fou r  yea r s  and it was just s t e a d i l y  r i s i n g  the whole 
fou r  years .  

I t ' s  not  t r u l y  open c i r c u i t  discharged. It does have 
this small, 322 microamp. te lemet ry  load  on i t  and what t h e  
e f f e c t  i s ,  I cannot be 
opened up and analyzed 
i n  Pack .5 a r e  probably 
this week. 

c e r t a i n .  None of t hese  c e l l s  have been 
as y e t .  I b e l i e v e  some of the c e l l s  
being opened and going through a n a l y s i s  

. 



And we in t end  t o  do a f u l l  chemical and electrochemi- 
c a l  measurements on t h e  c e l l s  and t h e r e f o r e ,  s i n c e  we haven ' t  
really done any good a n a l y s i s ,  Sut  i'ie i n t end  t o  saaple  t h e  
o t h e r s  t h a t  a r e  still running s h o r t l y ,  I won't conjec ture  on 
what's providing us wi th  t h i s  kind of performance, bu t  rather 
j u s t  p re sen t  you. with t h e  data and let you draw your own con- 
c lus ions .  

I t h i n k  t h a t ' s  a l l  I have and I ' m  open for  ques t ions .  

FORD: J o e l  Bacher, RCA? . 
BACHER: I have s e v e r a l  ques t ions .  Could you des- 

c r i b e  t he  recondi t ion ing  process?  

KRAUSE: The r econd i t ion ing  process  p r imar i ly  cons i s t ed  
of a charge f irst  of approximately C over 20, i n  tha t  neighbor- 
hood and then  a discharge around C over 60 t o  1.1 v o l t  p e r  
c e l l  average, a low r a t e  deep discharge,  and then  a recharge a t  
about C over 12. It was j u s t  a s i n g l e  cyc le .  

BACHER: D i d  you consider  s t o r i n g  the c e l l s  i n  i n d i -  
v i d u a l l y  sho r t ed  cond i t ions  ? 

KRAUSE: No., t ha t  was not considered f o r  purposes 
ol" t h i s  t es t ,  p r imar i ly  because,  as I m y ,  the t e s t  s ta r ted  
out  as a p p l i c a t i o n  t o  g a i n  informatron f o r  a p a r t i c u l a r  system 
and i t  wasn't  deemed p r a c t i c a l  a t  that  time, nor i s  it  normally 
t h e  case t h a t  t h i s  kind of spacec ra f t  t o  s t o r e  c e l l s  shor ted .  

The b a t t e r y  does have to be a v a i l a b l e  t o  support  the 
s p a c e c r a f t  even i n  t h e  sun per iods .  

BACHEX: Okay, one l a s t  ques t ion .  Could you r e p e a t  
* - A  dUur d e s c r i p t i o n  of t he  cyc le  dur ing  the  30-day 'cycle? 

KRA'V'SE: Yes, i t  was a 1.2 hour d ischarge  at C over 
That ' s  about 160 per-  2 and a 10.8 hour charge at C over 10. 

c e n t  reciiarge f r a c t i o n .  Again, i t ' s  r~o'c a rea l  good simula- 
t i o n  of a t r u e  synchronous e c l i p s e .  

BACHER: It i s  a d e f i n i t e  d i scharge?  What i s  t h e  
dep th  of discharge.  

KiiAUSE: It was approximately 60 percent  depth of 
d i scharge ,  a 15 ainp/hour c e l l .  

BACHER: Thank you. 

'IISLLE3: I€ you took Pack 1 and converted it to 
cjicle foilr, N i l a t  do yo2 t h i n k  would happen? 

"i 
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KRAUSE: Pack No. I? I t ' s  a good quest ion.  I don ' t  
Lxw, I t3hk personel ly ,  aga?'n, i hate t o  g e t  t r a j g e d  I n t D  

on the p l a t e s  af a c e l l ,  wnicn we are  going to iio s l ior t ly .  
t;2-j;l 2 ~ i t p ~ a u t  '- A L d ~  r x -  icg CJce, sa3-, an e l c c t r o c h e x i c a l  rx?ac:urenerit 

I have a sneaking susp ic ion  that  most of' t h e  packs -- 
well ,  Packs 1 and 2, p r i m a r i l y  -- a r e  probably going t o  show 
a f a i r l y  low negat"ive c a p a c i t y  and i n  f a c t  show no t  only t h a t ,  
show very low and i n a c t i v e  d ischarge  cadmium and 1 would expect 
t h a t  i f  we took Packs 1 and 2 and pu t  them onto t r i c k l e  charge,  
t h a t  we may s e e  some s i g n i f i c a n t  swel l ing .  

We w i l l  probably have t h e  nega t ives  p r e t t y  w e l l  
charged up before  very long, Pack 1, by the way, i s  showing 
now -- one o r  two c e l l s  -- showing a s l i g h t  s i g n  of swel l ing  
and t o  me, a t  l e a s t ,  under t h e s e  cond i t ions ,  mean that we're 
probably running out of d ischarge  negat ive .  

These c e l l s  a r e  a garden v a r i e t y ,  1969, l f s  arnp/hour 
c e l l s  and have a f a i r l y  high pre-charge and you s t a r t  out  w i th  
a f a i r l y  discharge negat ive  c a p a b i l i t y .  

- 
SULmS:(US Army E l e c t r o n i c s  Cormnand) One ques t ion  

about your recondi t ion ing  cyc le  -- you use a C over 60 d i s -  
charge r a t e  i s  tha t  c o r r e c t ?  

KRAUSE: Correct .  

SULKES: Is t h e r e  any reason t h i s  was chosen? It 
seems the d a t a  shows tha t  t h e s e  lower r a t e  d i scharges  tended 
to grow cadmium c r y s t a l s ,  

KIiAUSE: You're r i gh t .  The C over 60 discharge was 
chosen as many people a r e  aware oT who've worked with f l i g h t  
s p a c e c r a f t ,  the C over 60 discharge  was chosen such that  i f  
a r e l a y  f a i l ed  on t h e  spacec ra f t  during recondi t ion ing ,  the 
low r a t e  charge capabi - l i ty  could supply t h e  demands of t h e  
load  and essent ia1l .y  bias it, nut so t h a t  it would  not discharge 
the b a t t e r y ,  i n  t h e  event of this r e l a y  f a i l u r e ,  

It was not  r e a l l y  chosen as sometning which fs 
optimum f o r  t h e  b a t t e r y ,  bu t  r a t h e r  a system cons idera t ion .  
might po in t  out that pn cne of our newer spacec ra f t ,  really 
a n  upgraded, a new ve r s ion  of the Unicef 4. 

I 

It ' ll  have a d ischarge  ra te  f o r  recondi t ion ing  around 
C over 30, which 1 thii ik 2s a I - i t t l e  more accep tab le  and. i t ' s  
il eonpromise. I g o t  some of t h e  systerrs type guys t o  compro- 
mise and l e t  us do a l i t t l e  somethi-ng Se t te r  f o r  t he  b a t t e r y ,  
Which i s ,  I th ink ,  t h a t F s  i n  -bile r i g h t  d i r E ? C t i G f i .  



I agree  t r i t k :  your coxmnt  about tire F r i t z  V i l l e f s  
paper .  

LV31E: (Gulton) J u s t  a conment. On sea l ed  com- 
merc ia l  c e l l s  r;;e faund t l ~ t  ?;hen they a r e  s t o r e d  i n  a p a r t i a l -  
l y  discharged s t a t e ,  C over  20 i s  t o o  r ap id  a r a t e .  
a r e  s t o r e d  f o r  long per iods  of time ill a p a r t i a l l y  discharged 
s t a t e ,  C over 20 i s  t o o  r a p i d  a rate. 

If they 

You have t o  go t o  C over 33 o r  C over 40. 

WiA3SE: Yes, I th ink  t h e r e  i s  evidence to show that  
afLer long per iods  or" s to rage ,  even open c i r c u i t  discharged or 
even on c k r g e d .  stafid, If  -- i n  our t e s t s ,  our time exceeded 
33 or  k0 days 2nd even i n  j u s t  charge6 s t and  -- we would have 
t o  go to C over 2 G  o r  t h e r e  w o ~ l d  be s i g n i f i c a n t  hydrogen 
gass ing .  

- -  rie d i d  no t  see a problem with t hese  c e l l s  a t  C over 
23 even a f t e r  long per iod,  tkougn. It seems t o  be low enougn. 

BOC-NXR: ( JPL)  It looks l i k e  i n i t i a l l y  i t  vas 
q u i t e  a spread of' c a p a c i t i e s  over cells, i f  i read it r i g h t .  

IWUSE:  Yes, you read it right, T'nese were t h e  
P ive -ce l l  groups,  
en t  on a l l  of them, 
16$ up t o  around. IS;, and t l ia t  d i d  ex2 la in  sone of t h e  spread. 
i n  t h e  f i r s t  e c l i p s e  season. 

The b a s e l i n e  capac i ty  was s l i g h t l y  d i f f e r -  
I t3irLX they range from around 16 ainp/noui's, 

E+, however, c i idnt t  expla in  t h e  r e l a t i v e ,  you know, 
t h e  d i f f e r e n c e  i n  t h e  cnange a s  we went alor,g from season t o  
season, 

I 

FORD: D o  you have any o the r  ques t ions?  Okay, thank 
you very xicch. 

( i n t e r c e p t )  for ni.ckef/cadxiuQ c e l l s  a 

O u r  next p r e a e n t a t i m  i s  by 1 1 2 ,  James Dunlop, 
Coxsat Laborator ies .  'Lxe c- sub jec t  i s  s to rege  experience,  

J i m ?  

DUMLO?: Thank you, Zloyd. Tile sub jec t  I'm going 
t o  t a l k  about today i s  tile storage experience we've had on 
the  ( I n t e r c e p t )  f3r nickel/ca&xiun cells and i n  some regard  
i s  q u i t e  similar t o  the  papel. just presented.  

F i r s t  viewgraph, Floyd. 

( S l i d e  51.) 

This i s  a surilniary of c e l l s  that we analyzed t h a t  
had been s to red .  Me analyzed i n  t h i s  year of 1973. Those 
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c e l l s  had been s t o r e d  f o r  approximately three yea r s  i n  the 
VaiTiGus aedes siiowii i n  this  t a b l e .  The four  c e l l s  t h a t  were 
rece ived  from iiughes A i r c r a f t ,  t h e  L o t  1 c e l l s  had been 
s t o r e d  shor ted ,  tkc Lot 2 c e l l s  open, and for conparison we 
t o o k  iwo c e l l s  t 5 a t  we had f r o a  Lo t  6 that iiad been s t a r e d  
open an6 or-e cell we ctsed as a baseline, 

How, t hese  c e l l s  that were s t o r e d  open were d i s -  
charged and then s t o r e d  open. iiiext s l i d e ,  p l ease?  

( S l i d e  3 2 . )  

-. kr,e c y c l i c  t e s t i n g  t h a t  was done on these  c e l l s  
, .  p r i z r  t3 c-:e zrxtlysls I s  as fa1lows: we recondi t ioned  these  

c e l i e  a t  23  degrees C, ci-rarging at a c over 23 r a t e  201- 48 
k o ~ l r s ,  dischai-geci to m e  v o l t  e t  a C ovei- 2 r a t e ,  ciierged 
a t  a C aver 19 r & t c  for 17 hours and discna-gtld aga in  t o  1/10 
oL" a v a l t  a t  a C aver  '2 rate. 

;:'e t:-Len pci-forxed a charge retent ior1 t e s t ,  which was 
a C over 2.3 ziiarge I"oi- Tiv-e  :Tiinutes and t h e  voltage measured 
then afid a f t e r  23 hours of spir, arid t h e n  we perforxed t h i s  
1 w  tEinper%t:aae overcharge test. i t  \:as charged for 66 
kours "at a 12 over 23 r a t e  and then  2 discharge a t  a C over 
2 r a t e  to one v a l t .  

'ille one  ons sat c e l l ,  tlie s e r i a l  number 1056, was 
oeened irrLxGlately i . J i t h  no t e s t i n s  j u s t  t o  see  i.f t h e r e  was 
any e f f e c t  ciae to t h e  cyc l ing .  iqext ;riewgraph. 

(Slide 53.) 

?h i s  b a s i c a l l y  shows t h e  c e l l  perf'ormance on t h e  
recondi t ion ing ,  t h e  low tenipera Lure ai?d t h e  cliai-ge r e t e n t i o n .  
The vol tage  appear okay iiei-e a t  tiie -- this i s  tile end-of- 
charge vol tage  a t  t h e  C over 20 r a t e  -- t h i s  i s  tiie ampere 
hour capac i ty  measured to 1/10 of a volt. 

These a r e  ? i f t e e n  ampere hour c e l l s  ready. You 
n a t i c e  they have r e a l l y  about 22 arapere houi-s capac i ty .  
i f  you a c t u a l l y  made t h a t  s m e  test probably i n i t i a l l y  you 
would have sotteen about 1 ampere hour l e s s  i n  cnpac i ty .  

Kow, 

I n  genera l ,  they  have a tendency t o  inc rease  by 
about 1 ariipere hou-  or I ~ O T E  i n  t h e  two years. The second 
recondi t ion ing  siiosis b a s i c a l l y ,  aga in ,  acceptab le  vo l t ages  
a t  t n e  end-of-charge and raughly the sane capac i ty  when d i s -  
charged a t  B C over two r a t e  t o  a 1/10 of a v o l t .  

The low temperature t e s t  didn't r e a l l y  show any- 
t h i n g  corlc1usive. a u t  i n t e r e s t i n g  enough, you wi.11 note  t h a t  



on t.he L a t  2 c e l l s ,  tile vo l t age  on these  p a r t l c u l a r  c e l l s  was 
c;ui.te a b i t  iiigiler tj-.an on t h e  LO: ?i c e i ~ s  GI* on the  L o t  6 
c e l l s .  find i t  t u r n s  out l a t e r  t h a t  t k e s e  c e l l s  uo have st very 
l i t t l e  charge,  i f  any overcharge p r o t e c t i o n .  

So, while t h e  t e s t  i s n ' t  very c l e a r ,  i t  g ives  some 
i n d i c a t i o n  here  at this p o i n t  i n  time of a problern tha t  showed 
up l a t e r ,  which was t h e  f a c t  that  the c e l l s  have very l i t t l e  
overcharge p r o t e c t  Lon, 

Again, the  capac i ty  rzi?asursments look good and t h e  
charge r e t e n t i o n  of a l l  o the r  c e l l s  passed t h e  charge r e t e n -  
L ~f3n. Zext vievgraph, p l e a s e ?  

(S l ide  54.) 

This i s  t h e  e l z c t r o l y t e  a n a l y s i s .  For the Lot  1 
c e l l s ,  t3:e total weight of t h e  e l e c t r o l y t e  xas 74 gram, 15.8 
g r a m  oE K9E and 7 Grass of poCasa:xi.um carbatlate.  On a per -  
cent  basis, tnis f s  about 13 percent  potaasiwn carbonate.  If 
yo5 convert t ha t  Sack t o  KOH, you determine t h a t  you should 
have had about 31 percent  KOII i n  t h e  e l e c t r o l y t e  o i - ig ina l ly .  

For t h e  Lot 2 and t 3 e  Lot 6 c e l l s ,  f i r s t  02 a l l ,  
yourll c o t i c e  that  t h e r e ' s  a s i g n l f i c a n t  d l f f e r m t  i n  the 
arilount ai' e l e c t r o l y t e  total, i t h i n k  this was a change t h a t  
occurred. Tile Lot 1 c e l l s  a r e  r e a l l y  engineer ing c e l l s  and 
I t h i n k  they  went through a nu23er of pe r tu rba t ions .  

S u f f i c e  t o  say, t ha t ' s  about 20 percm-t more e l e c t r o -  
lyte t h a n  we've n o r n a l l y  observed in any o ther  of t h e  o the r  
l o t s  t h a t  we've analyzeci. au t  It do=s p o i n t  oat soxcthing 
e l s e  -- tl~hen you do run  t h e  t e s t ,  you've got  t o  be a l i t t l e  
b i t  c a r e f u l  because t h e r e  c e r t a i n l y  a r e  v a r i a t i o n s  between 
lots. 

Agsin, t h e  carbonate  l e v e l  here  t h a t  vie d i d  observe,  

I n  our base l ine  c e l l  i t  was about 3 per-  
i s  about  11 percent ,  11 percent  t o  12  percent ,  f o r  t he  Lot  2 
and t h e  Lot  6 c e l l s .  
cen t  and 9 percent  i s  more typical f o r  what we see  when we do 
an a n a l y s i s  on this c e l l  very e a r l y  in i t  1s l i f e ,  

So, tile f a c t  that t h e s e  c e l l s  were s t o r e d .  i n a c t i v e ,  
neve r the l e s s ,  we a r e  observing t h a t  t h e  storagz c e l l s  do have 
ar, i nc rease  of between 1.5 afid 2 g ram of p o t a s s i k c  carbonate 
as conpared t o  our b a s e l i n e  c e l l s ,  which were predominantly 
Lob G c e l l s  %hat we analyzed i n  1969. 

Next graph, p l e a s e ?  
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illis shows a hzr Gi’z,pil of t he  cadli1l-ju.m electrodes. 
The bai- graph that xe have r e s . 1 1 ~  Si-iob!s the state of cl?Eii’ge 
of tile cadniun 9;ith regards  t o  khe p 3 s i t i v e  electrode. The 
bottoili p a r t i o n  here r e p r e s e a t s  the unusable precharge -- t h a t  s 
t h e  arnou-nt or” cadnlu?; tliat s rexainifi;; i n  t h e  e l e c t r o d e  when 
you c o q l e t e  discharge I t  elec-krochexically.  

T h e  p o r t i o n  t h a t  yoil. see i n  h e r e  is the  usable  pre-  
charge -- that * s  the a:fiouiit t h a t  you can e l e c t  z*oche,xicaLly 
me.asure, A I - ~ ~  this p o r t i o n  here i-eprc-sent.s tiic positive capa- 
city -- t i i f3  i s  t;ie s t a t e  of charge - -  this i s  t h e  p o s i t i v e  
capac i ty  wher~ i t  s coapletcly discharged, t h e  p o s i t i v e  when 
it s completely charged. 

And t h i s  p o r t i o n  LIP t h e r e ,  t n e n ,  r e p r e s e n t s  t h e  
overcharge p r o t e c t i o n .  And, as I say, i n  these  two c e l l s ,  

d 



t h e r e ' s  p r a c t i c a l l y  no overchax'ge p i*otec t ion ,  

" i  

That's all I iiaxre to say on -the storalze modes. T 
t h i n k  t h e  po in t  here  that  1 w ~ b l d  l i k e  to say i n  summai'y, i s  
that; t h e  Tbraria";Jns t h a t  we observed betveen tile d i f f e r e n t  
watts here  and t h e  diffel 'err t  s.i;or.a&e :,iodes -- c c r t a i n l y  tile 
var iak ions  were 1132; due t o  any v a r i a t i o n s  that we could 
a t t r i b u t e  t o  t h e  s to rage  mode. 

rn- Ine v m i a t i o n s  %kat we see  here  t h a t  I ' v e  descr ibed 
r e a l l y  Seeiri t o  be v a r i e t i o n s  t h a t  were i n  Lhe c e l l s  i n l t l a l l y  
and while t h e r e  was s o m  i nc rease  i n  the carbonate  l e v e l  with 
t i n e ,  that ' s  the  only ckange t h a t  we saw. 

And, Trarikly we saw very l i t t l e  cadr:ium migrat ion 
i n t o  t h e  sepa ra to r .  7f.s had no pwblem renioving t h e  sepa ra to r  
fro:n t h e  czd:;;iua electrrode Tor t i iese c e l l s  r ega rd le s s  or" 
wlietliei- we 'nzd then  s tanding  oper, c i r c u i t  or shoi-ted. So, 
i n  essence we dLdn' t r e a l l y  d e t s r z i n e  aboql t  t h e  d3gredztion 
!i;ec'r,anis:ns thhtt wzre occurr ing  f o r  the s to rage  mode were ex- 
c e s s i v e  f o r  t hese  p a r t i c u l a r  c e l l s ,  

?:ow, I ' d  l i k e  t o  go on now and descr ibe  soxie WOi-k 
t ha t  we have on a r e a l  t ime t e s t  s i n i l a r  t o  t h e  work that  was 
descr ibed i n  t h e  previous paper.  

Hext one, 

( S l i d e  57.) 

T h i s  i s  t h e  -- we have t x o  gi-oups of cells t h a t  have 
been on t e s t  f o r  about i"o.ilr yea r s  a l s o ,  There aye two d i f f e r -  
en t  s to rage  modes that  we ai-e using;. One i s  a contifiuous 
t r i ck le -cha rge  mode dw-ing t h e  s to rage  and t h e  o the r  i s  this 
open c i y c u i t  s t and  wi th  a very  low discharge r a t e  and a r e -  
charge every 30 days as descr ibed previous ly ,  

Tne only d i f f e r e n c e  i s  t h a t  dur ing  e c l i p s e  season 
we do Rot do this. We run a r e d  t ime e c l t p s e  season. T h a t  
means t h a t  we discharge each clay i n  accordance with the depth 
of discharge we expect t;, see  Guring e c l i p s e  ope ra t ion  and 
you ruii t h e  sai;;e type of cnarge nechenisms, willcii means you 
charge a t ,  i n  'ii>is case ,  approxiinately C over 12 r a t e  u n t i l  
you put i n  about 15 percent  overcharge and you drop back t o  
a t r i c k l e  charge rate f o r  t h e  remaining 214 hours ,  

Kow3 t h i s  i s  a real t ime s imulated e c l i p s e  season 
f o r  t h i s  da t a .  ?.Tow, what we show here  i s  t h e  r e s u l t s  a t  t h e  
end of tile seventh e c l i p s e  season,  We're just showipS; t h e  
data for t h e  23i.d cyc le ,  which i s  t h e  cyc le  i n  t h e  rnicidle. 
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And f o r  t h e  cells t h a t  have been t r ick le-charged ,  
y o u . ' ~ - l  n o t i c e  t i m t  tilis i s  tile enci-3f-c&r&e vol tz t ;~e  at t he  
h i g k  rate and they  d:, seem t o  be q u i t e  w i f o r m ,  very ;nuch in 
agreement w i t h  t h e  comment that S t m  ICrause made. 

A n d  aI.so you'll n o t i c e  t ha t  the end-of-discharge 
vol tage  appears  to be r a t h e r  uniform and not bad, T h i s  i s  
about  t h e  23rd day -- that i s  about a 63 percent  depth of 
discharge.  

We a c t u a l l y  begin w i t h  t e n  c e l l s  and we've pe r iod i -  
c a l l y  done a n a l y s i s  on c e l l s ,  so  we're down t o  only f o u r  c e l l s  
left and vierre :a i r ly  c a r e f u l  now aboat  i-emving tnese  be- 
cause we want t.@ see  how lolig they r e a l l y  will. go. 

i n  t h e  q e n  ci7cui. t  charged storage node, we have 
a c t u a l l y  obserTreci two phcnog-em, a s  opposed to what Stan 
mentioned. 3ne pinaio.-ena w2s repor ted  l a s t  year end thzt  was 
a i&# vo l t ege ,  Y ! Z  did l.,a-.-e orie c e l l  thst p a l l e d  o u t ,  developed 
a hi&i vol tzge ,  bulged and was i-e:noved fro17; t h e  t e s t ,  

-. 

T h a t  c e l l  a l s o  had a high vol tage  at t h e  end-of- 
disciiarge.  rile o t h e r  phenmeiia that vie a r e  beg;lnning t o  ob- 
s5ril.e i n  tile liist few e c l i p s e  s e a s m s  -- i t  started out t h e  
s i x t h  e c l i p s e  se8son and i t ' s  g o t t e n  warse every season so 
Tar  -- i s  c e l l s  w i th  a low end-of-charge vol tage  and a low 
end-of-discharge vo l t age ,  

So we're  g e t t i r g  both swings i n  t h i s  open c i r c u i t  - -  s tand .  we're g e t t i n g  S O : ? . ~  c e l l s  that are going hj-gh voltage 
ot? chayge and hi&.:? v:,ltage or1 discharge. Xe're g e t t i n g  a 
whole nwllber or̂  d i f f e r e n t  g i - 3 ~ ; ~  of' c e l l s  wliich i s  showing 
up low er,d-of -discharge vol tage  a,nd low eiicl-of-charge vol tage .  

Now, we thought we tiozld explore  these  p a r t i c u l a r  
c e l l s  a l i t t l e  b i t  f u r t h e r .  These a r e  all six atnd a wat t  s i x  
i n  each c e l l s ,  by t h e  way. So we took one of t hese  c e l l s  
and increased  the  overcharge.  

Next viewgraph , pleast?? 

( S l i d e  58.) 

T h i s  was a c t u a l l y  done on t h e  33th e c l i p s e  day and 
t h i s  i s  t h e  normal discharge only we continued i t  a l l  the  way 
down now t o  about 1/10 of a v o l t e  and you'll n o t i c e  that i f  -- 
you look at t h e  vol tage  a f t e r  about 72 minutes o r  so, you ' re  
g e t t i n g  far down here.  

We ran a 60 percent  overclmrge at t he  C ove r  12 
r a t e  and we p t i . c e d  a s i g n i f i c a n t  i:rLproveraent i n  capac i ty ,  



i n d i c a t  ice t h a t  ihe problem r e s u l t i n g  from t h e  l o k i  vol tage  was 
a c t u a l l y  a charging substance problern, a t  l e a s t  i nd ica t ed  by 
these  tes t  r e s u l t s ,  

We took t h a t  c e l l  and put  it back i n  the normal 
e c l i p s e  opera t lon ,  and t h e  next graph -- 

( S l i d e  59.) 

-- sho:gs t h a t  t h e  vol tage  s t z r t e d  f a l l i n g  r i g h t  back down 
aga in  m d  on t h e  35th day it  w a s , p r e t t y  bad, x l t h  t h e  normal 
15 percent  overcharge a t  t h e  C over 12 laate  and then  switching 
the t r i c k l e - c h a r g e  ?or t n e  i-cmaining t ime a t  a C over 36 r a t e .  

An3 this vol tage  was beginnfng t o  g e t  p-retty low here.  
?qe went back to a k r g e  overcixwge and we aga in  observed t h e  
same phenomna -- t h a t  we had recovered the  capac i ty .  The 
only o the r  data t h a t  we have on t h i s  p a r t i c u l a r  c e l l  t o  d a t e  
i s :  we thought,  ">dell, I wonder what w i l l  happen i f  we put  i t  
on t r i ck le -cha rge  f o r  a few weeks t o  see  i f  we covered the  
c ha r g e a c c e p t anc e ? 

And we put i t  on trickle-chawge f o r  t h r e e  oi- fou r  
weeks and we r an  a discharge t h i s  week j u s t  before  the  nieeting 
to see  i f  we improved t h e  performance and i t  turned out we 
h a d n ' t ,  Xe s t i l l  'nave t h i s  same exact  problei?l with this p a r t i c u -  
l a r  c e l l ,  which i s  t h a t  we have a very  d i f f i c u l C  time charging 
i t ,  

And, a t  this p a i n t  i n  t i n e ,  I r e a l l y  don ' t  knonl why. 
We h a v e n r t  d m e  an a n a l y s i s  y e t  on this c e l l  t o  t r y  and de- 
termine how the -- what ' s  causifig tile e f f e c t  t i ia t  we're ob- 
se rv ing  here .  

So, i n  sulmiary, then,  I would l i k e  t o  say t h a t  I 
would d e f i n i t e l y  agree  witn Stan t h a t  j u s t  based on looking a t  
a l l  of the r e s u l t s  we have t o  da te  on t h i s  s to rage  mode, wif 

c e r t a i n l y  a r e  g e t t i n g  much more urriforni performance and ac -  
c e p t a b l e  p e r f o r m n c e  i n  the t r i ck l e -cha rge  inode than  we a r e  
i n  t h i s  charged open c i r c u i t  s t and  wi th  p e r i o d k  recharge.  

Secondly, with this charged open c i r c u i t ,  pe r iod ic  
recharge we a r e  observing two phenomena: one i s  t h i s  high 
vo l t age  phenomena, which was previous ly  descr ibed;  t h e  o t h e r  
i s  -- which has occurred j u s t  r e c e n t l y  -- i s  a probl-em wlth 
t h e  charge acceptance of the c e l l ,  

"bank you. 

F03D: Ques t ions?  
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ST21KIXUEii: Jim, do you b e l i e v e  fi-031 your l a s t  t e s t  
r e s u l t  t h a t  you i-epoi-ted thzt  i n  Going i n t o  t r ic ide-cl izrge,  
t h a t  t h e  s to rage  rec3ndi t ion ing  w t l c  then  has t o  be s e l e c t e d  
cons i s  tent from t h e  beginnirig OP t h e  mission? 

DUiTLOl: Yel l ,  33b, yau know, you don' t went t o  
g e n e r a l i z e  too  :iIucii on anything, but  c e r t a i n l y  a l l  I r e a l l y  
said here  was t h a t  we developed a phenonienEL t h a t  we observed 
exper ixenkal ly  t h a t  occurred after aSout -- s t a r t e d  occurr ing  
ar"ter aSout t h r e e  and a iialf years  of r e a l  time t e s t i c g ,  

- T  l:ie havzn't  discovered a way t o  g e t  out of the  Frob- 
le:a that ' s  ieveloped.  

- -  we s a , ~  t h e  va l t age  fa l l : 'hg  r ig i i t  hack off agzin,  s o  
without going x r o @ i  2 cx,,ple-Le discharge k k i s  time, so we 'ii 
ignore any r econd i t i cn ing  efTect or wkatevei0, we just  went t o  
a lofig overciiai-g:e and we got an i m m d i a t e  recovery and we 
cont inued i n  the  t e s t  and i t  f a l l s  back aga in .  S o  -- 

8 .  

FORD: Other ques t ions?  

- -  SACIL,:~: ---- (RCA) loo. pi*e;iiouSly regoi-ted p o t e n t i a l  
prablems wi th  the teauous triclde-cl:arge, s t a t i n g  a charge t o  
a nega t ive  p l a t e .  Do you t2iif;c t h e r e  n i i g h k  be so!iie c0:iipl.O- 
iiiise t r i c k l e  value t ha t  peyhaps i s  lower? 

D33LOP: Well, l e t  me s t a t e d  what i przvious ly  r e -  
por ted ,  which was t r u e ,  and by t h e  way, part of t h e  reason 
why x e  chose t h i s  s to rage  rmde t o  begin with,  1 guess. It'e 
d i d  observe t h a t  when you 60 cont inuously t r ic lz le-charge,  
tnere i s  this e l e c t r o c h m i c a l  ox ida t ion  iiiecnanisx f o r  Zorming 
carbonate  and t h a t  you do g e t  a g r e a t e r  carbonate build-up 
with time. 

Now, y o i l f l l  n o t i c e  t h a t  carbonate  l e v e l s  i n  t h i s  
c e l l  a r e  p r e t t y  high to begin with -- t h e y ' r e  like 9 grams 
o r  s o ,  The t r i ck le -cha rge  you b u i l d  up about a gram a year ,  
proSably h a l f  a grani more per  year than you do by t h e  open 
c i r c u i t  sta'nd, 
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And I t h i n k  th i s  da ta  i s  p r e t t y  wel l  s u b s t a n t i a t e d  
by the  work that Dr.. f \ l a l l ~ r d  d i d  a t  E e l 1  h b s ,  where he showed 
t h e  electrochemical ,  t n e  oxida t ion  mechanism descr ibed f o r  
his work. 

I 

The a c t i v a t i o n  energy was lower f o r  the electrociiemi- 
c a l  ox ida t ion  tiian f c r  t h e  ciiernica.1 oxida t ion .  So I t h i n k  
t h a t ' s  probably t r u e ,  but t h e  r e s u l t s  t h a t  we're seeing here -- 
you s imply  observe 'what's happening and a f t e r  four  yea r s ,  the 
observa t ion  i s  t h a t  bDth f o r  our t e s t s  and thi? work t ha t  
iiughes has doiie t h a t  you ' re  g e t t i n g  a much b e t t e r  r e s u l t ,  s o  
probably tiie overridh-g e f f e c t  i s  not  this carbonate  build-up 
'out whatever o the r  mechanisms a r e  running i n t o  t h e  p i c t u r e .  

D'X$LOP: Yes, it was. 

EACKX?: One more th ing  -- t h e  increased  czrbonate  
conten t ,  I be l i eve  you r epor t ed ,  was r e l a t e d  i n  some way t o  
a loss of overcharge p r o t e c t i o n .  

DViiLOP: Z i g h t ,  well, you can do a d i r e c t  correla- 
t i o n  and i f  you do t h a t  -- i t  seems t h a t  every mechanism t h a t  
you have reduces the overcharge p r o t e c t i o n  th-rat you conceive.  

l e a s t  a reduct ion  i n  the  -- t h e  i nc rease  i n  t h e  p o s i t i v e  ca-  
p a c i t y  reduces t3e overcharge,  t he  oxida t ion  mechanism i s  
about 1.16 or  soxething a i q e r e  hour equiva len t  reduct ion  per  
gi-a,m of carbonate build-up. 

1 A h o s t  every mechanism that  d e t e r i o r a t e s  performance i s  a t  

BACiIEII: Clkay, my concern i s  t h a t  u n t i l  you lose 
a11 o r  almost a l l  of your p r o t e c t i o n ,  you c a n ' t  d e t e c t  what is 
happeniiig unless  you open up a c e l l ,  

D'DTLOP: Or see  t h e  high vol tage .  

BACKZR: Z ight ,  t h a t r s  u s a a l l y  wiiat happens -- you ' re  
very near  or a t  the t h re sho ld  -- so ,  how do you f e e l  about t h e  
fact t h a t  t h e  carbonate  conten t  i s  inc reas ing?  

DUELOP: Well, I t h i n k  probaSly what I f e e l  Is  t h a t  
i f  you took today ' s  technology, t i iat  t h e r e ' s  c e r t a i n l y  -- you 
c e r t a i n l y  can design v i t h  tiie aniount -- t h e r e ' s  an  excessive 
amount of' precharge i n  t h e s e  c e l l s ,  probably more than you need. 

So, pro5ably f o r  say t h e  next  gene ra t ion  of c e l l s ,  
we probably, would have a higher  percent  overcnarge p r o t e c t i o n ,  
I t h i n k  any nickel/cad c e l l  t h a t  you b u i l d  today has a l i rnf ted 
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l i f e  t ime and a l i m i t e d  amount of -- another  t h ing  tha t ' s  very 
Laportant here  i s  -- t h a t  i s  s o r t  of a throw-back t o  t h e  argu- 
mer?tive days of years ago -- I s  the  wilole bus iness  o f  t h e  
s t a t e  of charge adjustnient t o  begin w i t h  and t h e  v a r i a t i o n  
t i a t  you may run i n t o  from l o t  t o  l o t ,  f o r  example, o r  t h e  
c o n t r o l  of t h e  whole process  of the s ta te  of charge.  

Or you can b u i l d  a nickel/hydrogen c e l l  -- you ' re  
never going t o  run -- 

( h u g i i t  e r  , ) 

UCI1IYAH.A: Jim, you i n d i c a t e d  t h a t  you r an  a charge . 
r e t e n t i o n  t e s t  on these  c e l l s .  Vas that  charge r e t e n t i o n  j u s t  
run wi th  t h e  charze just prior to that  s t and  o r  was it taken 
froin discharge *condi t ion?  

DLTLOP: No, t h e  charge r e t e n t i o n  t e s t  was on t h e s e  
c e l l s  that had been on s tand .  These c e l l s  -- t h e  f i r s t  group 
ol" c e l l s  i t a l k e d  about -- were j u s t  on s tand  f o r  t h r e e  years .  
They hadn ' t  been tes5ed.  And t h a t  was a charge i-eteiition t e s t  
that  I sliowed was sir;Lply a chayge r e t e n t i o n  t e s t  of c e l l s  t h a t  
have beer, on s t and  e i t n e r  snor ted  o r  discharged open c i r c u i t e d  
f o r  t h r e e  y e a r s ,  

VCXEAPiA:  So you discharge  i t  and observed a cover- 
ing subsequent t o  t h a t ?  

DGNLOP: I'm no5 sure I followed you. I'm not  su re  
I understand the question. 

UCI-IIYAbW: l i e ten t ion  t e s t s  can be run  a. coaple  of 
d i f f e r e n t  ways. O ~ l e  i s  where you J u s t  observe the  recovery 
of the discharge,  another  you ini'use a l i t t l e  S i t  of a charge 
i n t a  i t ,  

D'J;LOP: On that  p a r t i c u l a r  one we p u t  a C over LO 
r a t e  Tor f i v e  minutes o r  a C over -- I t h i n k  i t  was C over 10 
for f i v e  minutes -- a f t e r  a coxple te  discharge.  

FO3D: Steve Gaston, Grumman? 

CASTOR: (Grumnan) One ques t ion  -- why do you use 
25 hours f o r  charg iag  when everybody e l s e  uses  21: hours? 

(Laughter. ) 

DWIU'LOP: 1 think t h e  guy went home and came back and 
it was 25 hours i n s t e a d  of 24* 

FORD: Quest ions?  Zn t h e  back? 
.i 
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I.-iII(Yr%LSON : What techniques are you using on 
INTELSAT 41 

DUNLOP: The a c t u a l  mode? The worst  one, That ' s  
r i g h t  Unfortunately we *re us ing  this  p a r t i c u l a r  mode t h a t  
we've descr ibed  as probably the worst  one. 

I~ILICKELSON: Okay, what's your design ob jec t ive  f o r  
your c e l l  on INTELSAT 4, and likewise depth of  discharge? 

D-UNLOP: Seven years .  

1 4 1 ~ L S O N :  How about depth of  discharge? 

i n  t h e  
DUNLOP : 

t es t  here. 
We 11, i t ' s  60 pe rcen t  l i k e  we were running 

MimLSON: Do you t h i n k  y o u * l l  aake it? 

DUITLOP: No. 

EJIKKELSON: How far do you t h i n k  y o u ' l l  g e t ?  

DUNLOP: I ' m  n o t  going t o  answer t h e  ques t ion .  

FORD: Any more ques t ions?  

DUNLOP: Okay, t h a n k  you gentlemen, 

FORD: Okay, t h e  next  su.b:cct is by Dr. W i l l  S c o t t ,  
TRW System Group, The title of  t he  sub jec t  matter i s  the  
effects  of  open c i r c u i t  and random use on charged vol tage  
of nickel/cadmium cel ls .  D r ,  S c o t t ?  

SCGTT: What I ' m  going t o  be address ing  i s  the e f f e c t s  
of ground s to rage  on subsequent c e l l  charged vo l t age  behavior,  
so i t t s  a l i t t l e  d i f f e r e n t  than  what you've j u s t  been hearing, 
which i s  r e l a t e d  t o  t h i n g s  p r a c t i c a l  i n  o r b i t .  

The f irst  data I ' d  l i k d  t o  p r e s e n t  i s  n ine  yea r s  
o l d ,  It relates t o  e f f e c t s  of s t o r i n g  ce l l s ,  open c i r c u i t ,  
af ter  discharging,  as i n d i c a t e d  on t h i s  f i rs t  graph, C over  
two, discharged t o  one v o l t ,  then  open c i r c u i t ,  

( S l i d e  60.1 

This  graph . :us t  d e p i c t s  t he  range of behavior of  ap- 
proximately 75 nickel/cadmium c e l l s  s t o r e d  i n  t h i s  mode f o r  
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per i6d  up t o  over 60 days. T h i s  i s  t h e  shape of  the curve of 
vo l t age  versus  charge t i . . e  tha t  was used t o  genera te  the  data 
t h a t  i s  shown i n  t h e  next  s l i d e ,  

{ S l i d e  61.) . 

This  i s  a p l o t  of two th ings :  one, as  ind ica ted ,  
the  average over 75 c e l l s  of t he  peak rn~ximum vo l t age  observed 
during a C over  20 charge a% a p p r w i s a k e l y  room temperature as 
a f u n c t i m  of the t i m e  tha t  the c e l l s  were s t o r e d  open c i r c u i t  
after d ischarg ing  a t  C over 2 t o  one v o l t .  

Also p l o t t e d  here i s  the  s tandard  dev ia t ion  which 
i n d i c a t e s  another  kind of  problem tha t  goes r i g h t  along wi%h 
the i n c r e a s e  i n  the peak vo l t age  c h a r a c t e r i s t i c ,  

Both of t hese  plots were publ ished i n  r e p o r t s ,  one 
of them genera tea  under the OrbF-Lir?g Geophysical Observatory - 

Program -- a c t u a l l y ,  a r e p o r t  publ ished i n  1964, 

So t h e  problem i s  n o t  new and it doesn ' t  appear t o  
have changed much, a t  l e a s t  f o r  c e r t a i n  types of c e l l s ,  
have r e c e n t l y  i n a d v e r t e n t l y  run i n t o  the sane problem, 

We 

Noi4, there 's  many ways t o  d ischarge  a c e l l  and t h i s  
i s  one t h i n g  tha t  tends  to lead t o  confusion and d ive r s ion  of 
r e s u l t s ,  You can discharge it t o  1.1, t o  1 v o l t ,  to 1/10 
v o l t  t o  0 v o l t s ;  you can pu t  a r e s i s t o r  on it and you can 
wait one minute t o  thousairds of minutes and every one of 
those  condi t ions  w i l l  g ive  you a d i f f e r e n t  s to rage  behavior,  
That ' s  a p r t  o f  t h e  problem of' t r y i n g  t o  c o r r e l a t e  these 
d i f f e r e n t  r e s u l t s .  
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( S l i d e  62,) 

* >  

This  i s  b a s i c a l l y  the sane kind  of data tha t  I was showing 
you a few moments ago where t h i s  now coinpares t h e  e f f e c t s  of 
storage on open c i r c u i t  a f t e r  opening t h e  c i r c u i t  i n  the f u l l y  
charged cond i t ion  versus  s t o r i n g  t h e  c e l l  over the same 
pe r iod  of t i m e  a f te r  dischargit:g t o  one v o l t ,  

T h i s  p l o t  shows t h a t  i f  anyth ing  i s  worse than 
s t o r i n g  it open c i r c u i t  discharge,  i t ' s  s t o r i n g  it open 
c i r c u i t  charged. 
has been said here before  today. 

You m i g h t  g e t  tha t  gene ra l  idea froin what 

All r ight ,  now, r e c e n t l y  -- over  t h e  las t  couple 
of yea r s  -- werve encountered a number of s i t u a t i o n s  where 
batteries have been used for s p a c e c r a f t  tes t ing i n  the 
so-ca l led  i n t e g r a t i o n  o r  random use mode and then  brought 
back f o r  t e s t i n g  i n  t h e  l abora to ry .  

( S l i d e  62a.) 

And t h i s  i s  m- a p l o t  of maximum and minirfium 
i n d i v i d u a l  c e l l  vo l t ages  i n  a 22 c e l l  b a t t e r y  versus  %he 
b a t t e r y  charge c u r r e n t  and tempeyature a long the  bottom, 
down near  the  bottom of the  f i g u r e ,  

I n  t h i s  case, t h e  charge c u r r e n t  tapered  o f f  because 
the  system was operated VjiFth a vo l t age  c lamp,  When the 
bat-kery reached t h a t  vol tage,  t h e  c u r r e n t  tapered  o f f .  

The vo l t age  of t h e  h ighes t  vo l t age  c e l l  i s  
i n c r e a s i n g  very r zp id ly  a t  t h a t  p o i n t  i n  time and i t ' s  
only t h e  f a c t  t h a t  t h e  c u r r e n t  i s  dropping o f2  r a p i d l y  
that  keeps the vo l t age  from going much h igher  than  shown 
on tha t  p l o t .  

T h i s  kind or" c e l l  vo l t age  behavior i n  the presence 
of a t a p e r i n g  c u r r e n t  i s  a danger s ign .  A s  a r e s u l t  of th i s ,  
we took the b a t t e r ,  some of these bat ter ies  apart, and 
charged t h e m  i n  a more c o n t r o l l e d  f a sh ion ,  

(S l ide  62b,) 

The next  graph shows the  r e s u l t s  o f  charging some 
t y p i c a l  ce l l s  from these b a t t e r i e s  compared with a few ce l l s  
t h a t  were purchased a t  the same time i n  the same l o t ,  but had 
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n o t  been placed i n  bat ter ies  and had been s t o r e d  for the  same 
t i m e  per iod ,  

And t h i s  is, as ind ica t ed  here, a cons t an t  c u r r e n t  
These are nominally 12 ampere hour cel ls ,  

The temperature you 
o f  ,6 amp charge,  
s o  t h i s  s l i g h t l y  over a C over  20 'rate. 
see i s  40 degrees Fahrenhei t  and the ce l l s  from the battery-- 
s e v e r a l  of tk ce l l s  from the b a t t e r y  -- are shown here on t h i s  
r i s i n g  characterist ic and as labe l led  here, the  c e l l s  whose 
vo l t ages  are going a long  here are the  ce l l s  tha t  were shorted.  

So, i n  every case the ce l l s  from the  b a t t e r y  t ha t  had 
been i n  a raidom use mode, showed the s t e e p l y  i* i s ing  charac-- 
t e r i s t i c  and i n  every case *he c e l l s  t h a t  were shor ted  showed 
the  small r ise  and then  the  f lat ,  g radua l  vo l tage  r i se  charac- 
t e r i s t i c .  

i n  order  t o  ge-L a b i t  more information as t o  what was 
caus ing  t h i s  kind of vo l t age  behavior i n  the  c e l l s ,  s e v e r a l  of 
them were Ifurther analyzed. I n  the process ,  they were vented 
and f l o o d  witn e l e c t r o l y t e ,  overcharged for about 200 percent  
and Chen discharged with a r e fe rence  e l e c t r o d e  p r e s e n t  i n  o rde r  
t o  o b t a i n  a measure of the e lec t rochemica l  a c t i v i t y  o f  the  
p o s i t i v e  and negat ive  e l e c t r o d e s  s e p a r a t e l y ,  

And the next  graph shows a p l o t  of a discharge or" 
a t y p i c a l  c e l l  from one os" those  b a t t e r i e s ,  

(S l ide  63.) 

The upper curve shows the c e l l  vo l tage .  The c e l l  
vo l t age  comes down here. There's a small knee here and then  
cont inue down and f l a t t e n s  out  down here, 

A s  i n d i c a t e d  here, we measured t h e  negat ive  poten- 
t i a l  w i t h  r e s p e c t  t o  the case and a t  t h e  same t i m e  with re- 
spect t o  a r e fe rence  e l e c t r o d e  i n  the con tac t  i n  the 
e l e c t r o l y t e  i n  the cell, 

And, as you can see here, the  n e ' a t i v e  t o  case  
p o t e n t i a l  ro se  up and was p r e t t y  much a r e f l e c t i o n  o f  the 
c e l l  vo l t age  curve and on up there, 
r e fe rence  vo l t age  d i d  some funny t h i n g s  here and then  
continued on up and flatteiied ou t  as the  negat ive  e l e c t r o d e  
was completely discharged. 

The nega.tive t o  

I f - y o u  add up the  ampere hours i n  t h i s  discharge 
for t h i s  12 ampere hour c e l l  -- I bel ieve ,  say, t h i s  one was 
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approximately 16 ampere hours t o  t h i s  i n f l e c t i o n  po in t  here .  
The fact; t h a t  t h e r e  vias only a couple more ampere hours, i f  
t h a t  much, Jf e lec t rochemica l  ncg.at i v e  capacitbr i s  subject t o  
var ious  i n t e r p r e t a t  ions The one which i s  t n e  one most 
e a s i l y  t o  swallow, i s  tha t  t h e  electrochemical  a c t t v i t y  of 
tile -- well ,  t h e  assuixption was made t h a t  when t n e  c e l l  was 
overcharged 200 percent  t h a t  we charged up t h e  negat ive e l ec -  
t r o d e  completely,  so  t h e  f a c t  that  we only got  about 10 per-  
cen t  more nega t ive  capac i ty  than  we go t  p o s i t i v e  capac i ty ,  
i n d i c a t 2 s  obviously the negat ive  e lec t rochemica l  capac i ty  
has gone somewhere, 

Arid so  we pos tu l a t ed  t h a t  what had happened 
was t h a t  t h e  nega t ive  e l e c t r o d e  had lost t h e  a c t i v i t y  -- t h e  
precharge had l o s t  i t s  e lec t rochemica l  a c t i v i t y .  And s o  i n  
order  t o  check t h i s ,  we took t h e  c e l l  a p a r t  and d i d  a chemi- 
c a l  a n a l y s i s  of t h e  nega t ive  e l ec t rodes .  

I don ' t  have t h a t  s p e c i f i c  data t o  show you, bu t  I 
can t e l l  you t h a t  tile chemical a n a l y s i s  showed e s s e n t i a l l y  no 
charged negat ive  r i a t e r i a l .  On t h e  o ther  hand, i t  showed the  
t o t a l  chemical cadmium a c t i v i t y  as about what would be 
expected i n  t h i s  s i z e  c e l l ,  cons ider ing  what was known about 
the i n i t i a l  r a t i o  of p o s i t i v e  t3 negat ive  loading t h a t  was i n  
these  c e l l s .  

So r i g h t  now I'm not  q u i t e  s u r e  what t he  explana- 
t i o n  -- how t o  put  a l l  of t hese  f a c t s  t oge the r .  There ' s  s t i l l  
a ques t ion  i n  my mind a s  t o  why we only  measure s l i g h t l y  more 
e lec t rochemlca l  a c t i v i t y  i n  t h e  nega t ive  i n  tile p o s i t i v e  and 
y e t  t h e  chemical a n a l y s i s  shws something l i k e  50 percent  or 
more cadmium a c t i v i t y .  

Maybe someone here  might be a b l e  t o  comrnent on t h a t .  
Let m e  snow you one o the r  s l i d e  

i s  a s i m i l a r  p l o t  of a s i m i l a r  t e s t  on one of t h e  c e l l s  t h a t  
had been s t o r e d  shor ted ,  f o r  which we go t  a normal expected 
charge vol tage  behavior ,  

(Slide 63a.) 
An4 except for t h e  f a c t  t h a t  t h e r e ' s  a l i t t l e  more 

d i f f e r e n c e  between t h e  po in t  where t h e  p o s i t i v e  c u t s  of f  and 
t h e  po in t  where t h e  nega t ive  runs out  of gas ,  t h e r e ' s  s t i l l ,  
t h e r e  I s  a very low r a t i o  of nega t ive  e lec t rochemica l  a c t i v i t y  
to p o s i t i v e  e lec t rochemica l  a c t i v i t y  i n  t h i s  c e l l .  

T h i s  c e l l  also analyzed f o r  approximately a normal 
amount of cadmium m a t e r i a l  from a chemical s tandpoin t .  So, 
again,  I c a q ' t  e q l a i n  these  r e s u l t s ,  bu t  I thought,  i n i t i a l l y  

that  t h e  behavior of t h e  c e l l  before  opening 
and t h i s  discharge curve might simply be a r e f l e c t i o n  of t h e  
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f a c t  t h a t  t h e  c e l l  had l o s t  t h e  e lec t rochemica l  a c t i v i t y  of t h e  
precharge,  But t h e  r e s u l t s  don ' t  seem t o  bear t h a t  ou t .  

And so t h a t ' s  tLilat I hgd t o  say about t n a t .  

FORD: Ques t ions?  . 

SEIGER: What was t h e  end of charge of vo l t age  as you 
charged t h e  f looded c e l l s ?  

SCOTT: Well, i t  was h igh ly  v a r i a b l e ,  but  i n  t h e  range, 
ranged from a l i t t l e  over 1.5 t o  1.56 v o l t s ,  d i f f e r e n t  c e l l s .  

SEIGER: Let  m e  make a cornment on some observa t ions  
t h a t  we have i n  formation i n  which we know t h a t  t h e  capac i ty  
i s  b u i l t  i n  and i s  usable  i n  t h e  nega t ives  and i t ' s  about 
50 percent  more than  the  p o s i t i v e ,  

And we had doubled t h e  ampere hour capac i ty  input  
t o  put i n t o  t h e  nega t ives  t o  g e t  it fu l - ly  charged aiid we found 
t h a t  t h e  vol tage  was s t i l l  low, somewhere i n  t h e  order  of 1.5, 
1.52. 

So we changed our process  i n  which we r equ t r ed  t h a t  
t h e  vol tage  s t e p  up t o  about 1.6 v o l t s  and we f i n d  we have t o  
charge f o r  about 6s hours or  7 hours a t  which t i n e  we a r e  a b l e  
t o  g e t  t h e  r e s p e c t i v e  c a p a c i t i e s  of t h e  nega t ives  and our con- 
j e c t u r e  i s  that  perhaps t h e r e  i s  s o  much e l e c t r o l y t e  being 
pushed down t h a t  we a r e  g e t t i r g  an  i n e f f i c i e n t  charge of the  
nega t lve  e l e c t r o d e  i n s p i t e  of t h e  f a c t  i t  i s  flooded i n  forma- 
t i o n  and t h a t  sorne of t h e  oxygen and gas i s  being reprovided, 

SCOTT: A t  what ra te  a r e  you ta l l l ing  about charging? 

SEIGE2:  T h i s  i s  a C over 2 r a t e .  

DLbLOP: D i d  you t ake  any of t h e s e  cadnium e l e c t r o d e s  
out and run  them i n  a f looded bath? 

SCOTT: KO, not ou t s ide  of t h e  c e l l .  

DL7SLOP: T h a t ' s  a p r e t t y  good way t o  f i n d  out i f  t h e  
u t i l i z a t l o n  ol" cadmiurn i s  r e a l l y  gone or i f  something's happen- 
ing  i n s i d e  your cell. 

SCOTT: Yes, r i g h t .  We were somewhat cons t ra ined ,  
as o f t e n  occurs i n  this kind of a t h i n g  and a l s o  we wanted t o  
do t n i s  under t n e  condi t ions  t h a t  we ha6 been doing so-ca l led  
e l e c t r o d e  capac i ty  t e s t  t h a t  i s  included. i n  our c e l l  axceptance 
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t e s t s ,  which involves  charging the  c e l l  i n  n flooded s t a t e  
i n  t h e  o r i g i n a l  case .  And I know tha t  tlier-e's always a qucs- 
t i o h  OP whether t h e  ncsa t ive  e l e c t r o d e  i s  f u l l y  charged under 
th i s  condi t ion .  

And maybe i t  was not  and. -- I mean, t h a t ' s  t h e  only 
o the r  good explana t ion  1 guess t h a t  t h e r e  i s  for our observa- 
t i o n s  here .  

ilITLOP: Well, l e t  me a s k  you ariotner quest ion.  Nhen 
you say t h e r e  was 50 percent  riio1"e cadmium -- I t h i n k  t h a t ' s  
tile r a t i o ,  1.5 t o  1 v o l t  or something -- i s  that  the  amount? 

SCOTT: Yes, appi-oximately. 

DVLLO?: Tias t h d t  based or, t he  t o t a l  -- i n  t he  analy- 
s i s  the total cadmium a v a i l a b l e  f o r  t h e  a n a l y s i s ?  

SSOTT: Total cadaium t o  t o t a l  n l c k e l  a c t i v e .  

DUNLOP: Yes. You wcul-d expect probably 65 percent  
u t i l i z a t i o n  of t h a t  c a 3 i i m  e l e c t r o d e  roughly? 

SCOTT: Yes. 

DUNLOP: Does t h a t  add u-p or  i s  t ha t  way o f f ?  I 
d i d n ' t  g e t  your- nuxbers.  

SCOTT: Well, I guess  1 don ' t  q u i t e  follow you. 

DUELOT: What was i t  -- 33 aripere hours of caclmium 
t o t a l ,  i f  i t  were a l l  e l e c t r o c h e x i c a l l y  u t i l i z e d ?  

SCOTT: No ,  i t  would be -- maybe more l i k e  i t  might 
be 24, 22, 24, 

DVXLOP: That would be based upon t h e  t o t a l  cadmiun? 
.: ... . . .  . . .  ............... .. . .  . . . . .  .. . . . . . . . . .  . .. . . . . . . . . .  -*.I .,,. c. z,. . . . . . .  .. .". . . . . .  . .  . .  

- .  . . . .  . .  . . + . . , . _ .  * .  . ' 

+ - *  . *'.*.'. ** .. . . ' .$-TQqf; .*. * I  ,. Yes. . .  i . -:_ 

. D'UNLOP: khat d i d  you a c t u a l l y  measure? 

D'ITNLOP: Yes. 

SCOTT: About 18 and 19. 

DUNLOP: T h a t ' s  r e a l l y  n o t  t oo  bad, I don ' t  t h ink ,  
I.Je normally don ' t  f i n d  even wlien we flooded thein i n  a way. 

t h a t  a f t e r  we have run them for some per iod  of t ime, you 
never g e t  mukh b e t t e r  than 68 percent  u t i l i z a t i o n  a f t e r ,  say, 
a year o r  two or  opera t ion  of cadmium e lec t rode .  
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SCOTT: Tha t ' s  a good p o i n t .  But how about when 
they r e  new ? 

RLVLOP: lnihen t h e y ' r e  new you g e t  up a s  high as 
78, by t h e  t ime we run 30,  )LO cyc le s ,  i t ' s  down t o  70 percent .  

FORD: Other questions'? Okay, thank you. Okay, I 
t h i n k  see ing  as i t ' s  t h e  a f te rnoon per iod ,  1 t h i n k  we ' l l  t ake  
a t e n  o r  f i f t e e n  minute break and t h e r e  i s  co f fee  i n  t h e  r e a r  
of t h e  bu i ld ing ,  i f  you'd l i k e .  

(Whereupon, a s h o r t  break was t aken . )  

73ZiD: Our next six5Ject dea l s  with electrochemical  
ixpregnat ion,  plaque ma te r i a l s  and centered  p l a t e  n i c k e l  out-  
s i d e  e l ec t rodes  and a l s o  e lec t rochemica l  impregnation or" 
centered plaques.  

- -  vi'e have t h r e e  speakers and they w i l l  be speaking 
along the  sane gene ra l  s u b j e c t .  A t  t h i s  time I ' d  l i k e  t o  
introduce you t o  Mr. Dave P i c k e t t  of t h e  Air Force keropro- 
pu l s ion  Lab. Z i s  d i scuss ion  i s  on electrochemical  impi-egna- 
t i o n  of n i c k e l  plaques with cacimium and cadmium hydroxide,  
Rave? 

PICKETT: During the  p a s t  t h r e e  years  we've conducted 
an in-house progran a t  t he  A i r  Force A i r  Propulsion Lab on 
f a b r i c a t i o n  of nFckel and cadmium e lec t rodes  using an  e l e c t r o -  
chemical irnpregnat ion techniques 

A t  the  p a s t  two NASA/Goddard workshop meetings, I ' v e  
presented da ta  on the  e lec t rochemica l  impregnation of t h e  posi-  
t i v e  p l a t e .  A t  t h i s  t ime, I ' d  l i k e  t o  present  some of t h e  
work t h a t  we've done on t h e  nega t ive .  

I'd l i k e  t o  also say t h e t  a r epor t  w i l l  be f o r t h -  
coming soon on both OF t hese  processes .  Electrochemical nethods 

Lsbs by EeaucharLps end co-workers. 
. ., . * .; , I  . .. ; ., .*. ;. . re . .Ca.t .$~diC.  .>iq ..ua$u$e. . B ~ ~ . . s ~ ~ ~ ~ i ~ ~ r . , t . o  ,.t&ose .:d:ew,lo$ed..gt. &lb..-.. '.- .-, - 

These methods are being f u r t h e r  developed f o r  produc- 
,. t i q n  of spacc c e l l s  .Qy,iieliot .ek .and yin.ce P u g l $ s i , w i l l  .,pre.sent . -; . .  I .  

'.sone of..t'i:e work done on that.. 

If I can hare  the i'irst s l i d e ,  p l ease?  

(S l ide  6s.) 

On a beaker l e v e l  the  process  i s  easily demonstr*ated. 
'iu'ilat one does i s  u s e  a plt ique for a caLhode znd cadrflilim metal  
as anodes, immerse t h i s  i n  a s o l u t i o n  of ca2,liiu:n n i t r a t e  and 

d 



pass  c u r r e n t  t!iinoq2i tiit. solutLon,  hr; a r e s u l t  OP tile reduc- 
:ion or n i - k r a t e ,  i i j idroxlde ion i s  forr1is3 and the  cac;,ri%Li;:1 
i s  p r e c i p i t n t e d  insl.de the  plaGlue, 

( S l i d e  64a.) 
T' inc .g:eneral procedure f o ~  t h i s  i s  o a t l i n e d  on t h z  

f i r s t ;  s l i d e .  %iat one does is hez t  tne  s o l a t i o n  almost t o  
b o i l i n g ,  tiien cati iodize.  
inch  of' plaque €or t e n  t o  f i f t e e n  minutes.  Ke have used l e s s  
time t h e n  t h a t .  

l i e  used 1 . 4  t o  1 . G  ounce p e r  square 

Ve used pure cadmium anodes. T h i s  i s  xhere we d i f -  
f e r  i n  one r e spec t  fro:r, t h e  S e l l  p rocess .  They use inne r  
anodes and use a sodiuxi n z t r i t e  edci i t ive.  Once the  plaque 
i s  izpregnateb ,  i t ' s  re:nsved apd ca thadized  i n  2 3  percent  K0;i 
a t  .55 azps p e r  square inch  f o r  twenty x i n u t e s  and tills i s  
c a r r i e d  out a t  about 83 degrees  C.  

We s a t u r a t e  t h e  KOH with cadxiurn hydroxide t o  pi-e- 
vent  l o s s  of t h e  hydroxide frox t h e  p l a t e  i n  s o l u t i o n .  We 
r e v e r s e  t h e  p o l a r i t y  and sornetinies we r epea t  s t eps  th ree  and 
fou r  s e v e r a l  times. 

This  he lps  ta remove the  e x t e r n a l  s c a l e  on the  s u r -  
f a c e  of t h e  plaque.  The excess  i s  t h e n  brushed away and then 
d r i e d  a t  35 degrees  i n  a vacuum oven, p r e f e r r a b l y  overnight .  

Okay, l e t ' s  s ee  t h e  next  viewgraph, Floyd. 

( S l i d e  65.)  

T n i s  shows what t h e  vol tage  looks l i k e  i f  the  irn-  
p regnat ion  i s  c a r r i e d  out  iluring t h e  impregnation a cadmium 
hydroxide f i l m  is fornied. on t h e  anode and i n c r e a s e s  t h e  re-  
s i s t a n c e  of the impregnatlon ba th  and this i s  appa ren t ly  the  
reason  why t h e  s lope  i s  going up on t h e  curve.  

One also g e t s  cadmium as wel l  t ts cadmium hydroxide . .  .. *. * . * .  

. . ....... ,.-$* ......... :.. .. d.f?g.;loS.&.ted ,S@s:ide Ghg!..pares 'Cif'.+he.-gLa.que. . . . . . . .  :.*' . . . . . . . . .  
.. * .. 

Okay, and i f  I c8n have t h e  next  s l i d e  1'11 show 
. . .  . . . . .  . . . .  . .  ... ;:. . . . .  .... . . . . .  ..... . . . . . . .  . . . . . . . . . . . . . . . .  ................ . . ,. . e .  . .  

. I . _ .  

. .  
. .  . . . . . . . . .  

t h e  plaque m a t e r i a l  we used.. 
. .  . _ .  

. . . .  . . . . . .  , :. I . . .  

. -  *. - . , .  
:. * : 

On t h i s  da t a  t h a t  I r : n  p r e sen t ing  he re  -- t h i s , i s  
Eagle P icher .  plaque. The pore d i s t r i b u t i o n  i s  an  estimate 
from t h i s  p i c t u r e  he re  runs so:newhere between f i v e  afid e igh teen  
microns  i n  diameter with an  average of somewhere around twelve. 

I '1. 

. .  . . I .  . . . . . . . .  .,. Okay, on t h e  next .viewgraph I. have some da.Ga.which I .  ' 

I obta ined  frqni 3 x 3 p l a t e s ,  i n f l a t e d  c e l l s  and I ' v e  comparcd 
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t h i s  with some p l a t e s  t h a t  I ' v e  taken from a i r c y a f t  b a t t e r i e s .  

( S l i d e  67.) 

These ?.re 12 snip charge 01' about t he  3 C  r a t e  and 
1*5 C discharge a t  53 percent  overcharge.  These f i r s t  r e s u l t s  
were c a r r i e d  o u t  a t  about 30 cyc les  to evalua te  t n e  p l a t e s  t o  
see  how they  performed as compared t o  s t a t e  of t he  a r t  v a r i e t y .  

( S l i d e  68.) 

The next viewgraph shows a cornparism on the  'oasis 
of welgkt . You ' l l  n o t i c e  t h a t  t h e  e lec t rochemica l ly  impi-egna- 
te:! p l a t e  seems t o  be a. S i t  flatter w i t h  an  increas ing  cyc le  
nuinber than the  commercial p l a t e s .  

But one cannot t e l l  very much j u s t  from 3'3 cycles  
We had a s  high as 33 percent  u t i l i z a t i o n  of' a c t i v e  ma- only.  

t e r i a l  i n  t h i s  process  and i n  these  cyc les  here  t h e  u t i l i z a -  
t i o n  r an  from about 70 t o  83, wi th  an  average of about 79 per-  
cen t  i n  flooded c e l l .  

Okay, we s c a l e  t h i s  process  up t o  producing -- l e t ' s  
see  t h e r e ' s  2-3/4, about 4-3/4 of e lec t rodes  -- and I be l i eve  
the  appara tus  f o r  t h a t  i s  on the next  slide. 

( S l i d e  69.) 

T h i s  polyprophylene tank and you have a l t e r n a t i n g  
anodes and then  plaque. T h i s  i s  conflected t o  a 300 amp power 
supply and t h e  s o l u t i o n  i s  c i r c u l a t e d  through the tank.  It 
e n t e r s  the  bottom and coxes o u t  t h e  top  and t h e  vapors a r e  
condensed with t h e  condenser on top.  

(Slide 69a.) 
Tne next s l i a e ,  I be l i eve ,  33 mil. s l i d e ,  snows how 

t h e  c i i -cu la t ion  proceeds.  i t  goes through a hea te r ,  i s  heated, 
and then r e tu rned  t o  t h e  tank and t h e  tank, i f  i t ' s . b r o u g h t  
up t o  about 100 degrees with tine imfiersun hea te r s ,  t h s  hea te r  
doesn ' t  q u i t e  g e t  i t  t o  t h a t  temperature.  

., . .  ( S l i d e  70. ) 
. .  . .  . .  

Okay, cn the  next viewgraph, I have sone of t n e  r e -  
s u l t s  of t he  impregnation from the  s c a l e  tlp. Our i n i t i a l  
r e s u l t s  y i e lded  about 1.7 t o  1.9 grams of a c t i v e  m a t e r i a l  per 
cc .  of' v o i d  and you have to remember t h a t  sone of t h i s  i s  
i n  the  form or" cadmiurn and some i s  i n  t h e  forni of cadnium hy- 
droxide.  (See bottom of Slide T O . )  
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And I ' v e  glven a t h e o r e t i c a l  capac i ty  for t hese  here .  
Our l a t e i .  r e s n l t s  looked a l i t t l e  nore promising. We go t  a s  
high a s  2.3 grams of a c t i v e  niatei-ial per  c c ,  of void i n  these ,  

Okay, and I Iiave some cyc le  da t a ,  I th ink ,  on the  
next  viewgraph -- 

(S l ide  n.) 
-- of sane 20 ampere hour c e l l s  we made from a scale-up process .  
These were made from t h e  p l a t e s  of' t h e  f i r s t  batch -- I ' v e  
shown you t h e r e  -- t h e  higher  loaded p l a t e s  we have not t e s t e d  
a s  y e t .  

The aim here i s  a cons tan t  p o t e n t i a l  charge 
a t  about 1.7 t o  1.9 v o l t s  and the reason  f o r  using t h i s  vol tage 
i s  so  we can g e t  a l l  of the  charge i n  i n  about an hour. Then 
i t  i s  discharged a t  about. t h e  one hour r a t e .  

We s t a r t e d  these  out a t  about 70 degrees and var ied  
t h e  temperature on them and we went f ron  70 t o  90, then  we went 
t o  110. The reasan  1 have the  do t t ed  l i n e  t h e r e  with 110 -- 
I ' m  not  r e a l l y  su re  t h a t  t h e  capac i ty  of the  c e l l  a t  t h i s  po in t  
i s  r e a l l y  d i c t a t e d  by t h e  negat ive p l a t e  -- t h e  p o s i t i v e  p l a t e  
becomes very i n e f f i c i e n t  a t  t h e s e  temperature; and i t  might be 
p 3s i t  ive  l i m i t e d  

Af te r  760 cyc le s ,  the  capac i ty  fell off about 21) per- 
cen t  on t h e s e ,  Okay, then, take  up much inore of your time with 
t h i s  da ta  -- I ' l l  q u i t  a t  t h i s  pa in t  -- and Yince P u g l i s i  i s  
going t o  t a l k  about some ol" t h e  r.;ork t h a t  he ' s  done a f t e r  Ear- 
vey Seiger  talks abouf; some s i n t e r i n g  processes  a,nd what no t .  

I n  o the r  words, t h e r e ' l l  be soae more da ta  foi-th- 
corning on the  work we've done with t h e  negat ive process .  

FORD: Are the re  any ques t ions  a t  t h i s  po in t  or, . 
what Dave has presented?  M Y .  Qoger, from General E l e c t r i c ?  

ICFiOGSR: How many t imes do you maintain t h e  constancy 
of your pH d a t a ?  

PICKETT: We don ' t  r e a l l y  worry about i t  too  much, 
Hans. Khat we do i s  we u s u a l l y  s e t  i t  about four  and then 
a f t e r  t h e  impregnation, i t ' l l  g e t  up t o  s a t u r a t i o n  p o i n t ,  i n  
o ther  words, g r e a t e r  than  f i v e .  

And we regenera te  the  s o l u t i o n  f o r  t he  next impreg- 
n a t i o n  by simply adciing n i t r i c  ac id .  

KROGER: You don ' t  do anything d u r i n g  the  run i t s e l f ?  
.i 
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P1C:KETT: No. 

2OPR: Keith (Kounds)? 

'e , 

h!OUNDS: The nunber you a r e  showing -- ampere hours 
per  cubic inch f o r  t h a t  nega t ive  -- were they a f t e r  farmation 
o r  before  forinat ion? 

PICKZTT: These a r e  based on t h e  loadings t h a t  we 
got  t he re ,  assuming t h a t  we have 20 percent  cadmium deposi ted 
i n  t h e  p labe  and 80 percent  cadmium hydroxide and t h i s  i s  j u s t  
a f t e r  impregnation, 

i60UXDS: We found by a n a l y s i s  t h a t  the  depos i t  i s  
about 98, 99 percent  hydroxide plirs a te t i -a  Sas i c  cadaiuin n i -  

the  only r e l i a b l e  number we could use was weight g a i n  aT te r  
formation or  p r e f e r r a b l y  a ca&nium a n a l y s i s .  

4 b r a t e  cmpound. The geometry i s  a l i t t l e  va r i ab le .  We found 

PICKETT: The reason t h a t  I used the  80/20 r a t i o  i s  
based on the  da t a  t h a t  1 showed with t h e  beaker l e v e l  p l a t e s .  
I took t h e  weight imxediately a f t e r  impregnation and then  
r an  30 cycles  on them and weighed them again .  

And then  on t h e  basis of t h i s ,  I made t h e  ca l cu la -  
t i o n s  and t h a t ' s  t h e  reason  f o r  my assumption on the  l a r g e  
s c a l e .  

MOUEDS: Your u t i l i z a t i o n  might be a l i t t l e  higher  
than what you ca l cu la t ed .  

PICKZTT: T h a t ' s  t r u e .  

FOXD: Any o t h e r  ques t ions?  Thank you, Dave. Okay, 
t h e  next  t o p i c  i s  t o  be presented by D r .  Harvey Se iger  of 
Heliotelc, Textron. The- s u b j e c t  i s  plaque ma te r i a l s  f o r  s i n -  
t e r e d  p l a t e  n i c k e l  oxide e l ec t rodes  and t h i s  work and t h e  
p r e s e n t a t i o n  i s  &-aukbred by Tince P u g l i s i  and Paul Rediman. 
Harvey'? 

SEIGER: I w i l l  be t a l k i n g  a3out the plaque m a t e r i a l s  
and t h e  impregnation of p o s i t i v e  e l e c t r o d e s  and will be cover- 
i n g  both the iinmersion methods a s  wel l  as the  e lec t rochemica l  
depos i t i on  t h a t  Dave was j u s t  t a l k i n g  about.  

And D r .  P u g l i s i  h i l l  l a t e r  d i scuss  t h e  electrochemi- 
c a l  impregnation of both p o s i t i v e s  and negat ives .  And t h i s  
i s  e s s e n t i a l l y  a con t inua t ion  of some of t h e  work t h a t  wzs 

. t a lked  about l a s t  year a t  t h e  workshop on s i n t e r i n g .  
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And t h e r e  a r e  three  sub- topics  t h a t  I wanted t o  
cover on t h e  pla.clue m a t c r h l s  2nd irake these  p o t n t s .  One 
is  on d i r e c t  experimental evidence t h a t  the u t i l i z a t i o n  of 
a c t i v e  m a t e r i a l  i n  the  p o s i t i v e  e l ec t rodes  i s  dependent 
s t rong ly  on t h e  s i n t e r  po ros i ty .  

And then I ' d  l i k e  t o  go i n t o  some conjec tures .  For 
ins tance ,  t h e r e  appears t o  be some upper l e v e l s  of i!npregna- 
t i o n  of p o s i t i v e  e l e c t r o d e s  beyond which one shouldn ' t  want; 
t o  go and the  numbers appear t o  be somewhat d i f f e r e n t  depend- 
ing on the  process ,  

And then  t h i r d l y  we want t o  t a l k  about a hypothesis  
t h a t ' l l  cover and exp la in  ~ j h y  p l a t e s  do b l i s t e r  and why they 
thicken,  p a r t i c u l a r l y  posLtive e l ec t rodes  -- a s  we charge and 
discharge then  t h e r e  a r e  changes i n  dimensions and I was won- 
der ing  how t o  s top  Tloyd Ford t h i s  morning. 

He a l n o s t  riiade n u l l  and void the  l a s t  p a r t  o f  my 
p resen ta t ion .  And I ' d  l i k e  5 0  poin t  out t h a t  t hese  t o p i c s  
a r e  important wllen we design plaque for cells when we're 
t a r g e t i n g  on 20 watt  hours p e r  pound 01- riore. 

Now, t h e r e  a r e  -- i t  appears t h a t  one can d iv ide  
t h e  impregnation processes  up i .nto two groups.  I n  one gi'oup 
we see  values  of impregnation, u t i l i z a t i a n  of p o s i t i v e  mater- 
ial. i n  excess of 100 percent .  I n  tire o t h e r  types,  t h e r e ' r e  
l e s s  and the methods t i lat  i ' i r i  covei-ing today w i l l  be Gealing 
only with those t h a t  do y i e l d  a higher  value of utilization. 

- 

Mow, I t h i n k  I ' d  l i k e  t o  have t h e  f i r s t  s l i d e ,  
p lease .  

( S l i d e  7 3 . )  

And a very i n t e r e s t i n g  one because t h e r e  a r e  f i v e  
da ta  p o i n t s  on t h e r e  or t h e r e  appear t o  be f i v e  data p o i n t s  
on t h e r e .  It's a p l o t  of t h e  u t i l i z a t i o n  t h a t  one g e t s  of 
bile nega t ive  a c t i v e  m a t e r i a l  on t n e  t h i r d  forniatiori cyc le  
when i t ' s  flooded a s  a func t ion  of t n e  s i n t e r  p o r o s i t y  and 
1'11 always t a l k  s i n t e r  poi-osity.  

c 

T h a t  i s ,  I'm not  going t o  be concerned with t h e  g r i d  
t h a t ' s  i n  t h e r e  and i t s  e f f e c t  upon t h e  apparent  plaque poro- 
s i t y ,  so  1'11 always t a l k  s i n t e r  p o r o s i t y .  I n  f a c t ,  t h e r e  
a r e  mare than  j u s t  f i v e  da t a  p o i n t s .  

A l i t t l e  b i t  of i d e n t i f i c a t i o n  of theiii -- do we 
??ell, we s t a r t e d  back i n  1970, we k ind ly  have a pointei-'? 



got  sone plaque m a t e r i a l  from s e v e r a l  sources ,  One source 
xas Gould, wha suppl ied  us wi.tn matcria.1 t h a t  was 72 percent  
pL?i'ous. L;arathon xas very kind and suppl ied  us with some ma- 
t e r i a l  t h a t  was 82 percent  porous arid a f t e r  we had done our 
~ 3 i - k  with them, we decrded that when t;e make our plaque, we 
want about a 75 percent  porous plaque fo r  our p o s i t i v e s  and 
about 78 percent  p o r o s i t y  f o r  t he  nega t ives .  

And s o  we even tua l ly  made them and then  we impreg- 
na ted  both a s  p o s i t i v e  e l ec t rodes  and here  a r e  the data. T h i s  
data po in t  was loaded t o  about 1.3 grams per  cc . ,  s i m i l a r l y  
went b2ck t o  about 1.4, 1.5. These were done by s e v e r a l  
methods with a o l t e n  salt and w i t h  an aqueous iiflpregnation up 
t o  values  between 1.b and 1.6 and tnen  a l s o  electrochernical  
t ak ing  them up to abor;t 1.9. 

The l a s t  value on here  i s  one t h a t  D r ,  Kroger re- 
por ted  t o  t h e  A i r  Force under t h e i r  r e p o r t  using t h e  cons tan t  
p o t e n t i a l  method and he loaded to about 1.8 grams per  cc.  and 
he had 2 porous plaque, q u i t e  porous, and I used h i s  number, 
p u t t i n g  i t  r igh t  on, 

It seemed t o  f a l l  i n .  So, I f e e l  t h a t  t h e r e  i s  a 
d e f i n i t e  dependence and a l i n e a r  dependence over t h i s  range 
between s i -n te r  po ros i ty  and the  u t i l i z a t i o n  t h a t  one g e t s .  
And I t h i n k  t h a t  t h i s  s l i d e  demands s e v e r a l  comments. 

Perhaps the  f i r s t  one i s  veily i n t e r e s t i n g .  Dr. 
Kroger repor ted  tha t  he added sorile 1lthiu;n hydroxide and once 
he added t n e  l i t h i u m  hydroxide to h i s  23 ampere hour p l a t e s ,  
t h e  u t i l i z a t i o n  scooted way up -- I be l i eve  the  number was 
118 percent .  

And so  we went down i n t o  one of t h e s e  and we put  
some l i t h ium hydi-oxide i n  and we got j u s t  a l i t t l e  b i t .  And 
now perhaps we have some i n d i c a t i o n  of why t h e r e  a r e  d i v e r -  
gence of r e p o r t s  on l i t h i u m  hydroxide.  

I t ' s  a l i t t l e  premature -- only two da ta  p o i n t s  -- 
but perhaps t h e r e ' s  a r o t a t i o n  of t h i s  curve,  of t h i s  u t i l i z a -  
t i o n  curve,  so  t h a t  i f  one has a very porous plaque, one w i l l  
g e t  q u i t e  an  e f f e c t ,  a s i g n i f i c a n t  e f f e c t  by adding l i t h i u m  
hydroxide but  a t  lower ends t h e  u t i l i z a t i o n  w i l l  be v i r t u a l l y  
unchanged and t h i s  may square away some of t h e  d i f f e r e n c e s  
t h a t  we see i n  t h e  l i t e r a t u r e  with t h e  e f f e c t  of l i thiurn hy- 
droxide on u t i l i z a t i o n s  

I ' d  a l s o  l i k e  t o  po in t  out; t h a t  a pore former was 
used i n  making t h e  75 and .78 percent  porous c e n t e r s  and one 
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might suspect  i f  you add a pore f o m o r  something t h a t  you put 
i n  'io hold pore and then you burn it  o f €  l a t e r ,  you may be 
winding up w i t h  two d i f f e r e n t  pore s i z e  d i s t r i b u t i o n s .  

And we gave t h a t  a l i t t l e  b i t  of thought and l e t ' s  
go t o  t h e  next  s l i d e .  

{ S l i d e  74 , )  

We said t o  ourselves ,  "We've been g e t t i n g  some da ta  
on pore volume tha t  we c a l l  grams of void per  square inch  of -- 
pardon me, cc .  of voids p e r  square inch  of plaque -- and we're .  
g e t t i n g  su r face  a r e a s  t h a t  we're doing with a pu l se  method 
us ing  t h e  e lec t rochemica l  capac i tance  method. 

And we have these  d a t a  and we made an  assumption on 
what a pore might be and i t  doesn ' t  make much Ci f fe rence  what 
we c a l l  a pore,  T h i s  w i l l  go i n t o  t h e  t r a n s c r i p t .  Let m e  say  
tha t  we c a l l ,  we de f ine  a pore parameter as L, which has  some 
r e l a t i o n s h i p  t o  t h e  s i z e  of t h e  voids  t h a t  we have i n  t h e  p l a t e .  

And that  microscopic number i s  r e l a t ed  t o  these two 
macroscogic numbers, t h e  void volume, and t h e  su r face  area 
wi th in  the  plaque, And I ' m  g o i r g  t o  go back t o  sone data t h a t  
we had l a s t  yea r ,  which were r e c a l c u l a t e d  and a r e  g iven  i n  t h e  
next s l i d e .  

May I have t h a t ?  

(S l ide  75.) 

I made a s e l e c t i o n  s i n c e  sample no. 4 and sample no. 
5 were XeliDtek plaque. We took those  tw3 -- . m e  i s  a formula- 
t i o n  s i m i l a r  te tha t  s i n t e r i n g  cond i t ion  s i m i l a r  t o  tha t  we 
want €or our nega t ives  -and might f o r  our p o s i t i v e s .  

So we took those  and we looked a t  some of the  o the r s .  
And we had all of t h e  measurements t ha t  were r e s o r t e d  l a s t  
year and a l l  we d i d  was c a l c u l a t e  t h e  l a s t  column now, t h e  
L value,  which says t h a t  t h e  pore dimension appears  t o  be about 
10  t o  15 microns. 

I t h i n k  t h a t  agrees  wi th  a number we heard a l i t t l e  
while  ago, even on t h e  Eagle Picher  p l a t e  i n  which Dave said 
he measured about 12 microns. So i t ' s  a s l i g h t  order  of mag- 
n i tude ,  r i gh t  kind of ba l lpa rk .  

There 's  one nunber t h a t  appears t o  be out'. iJefve 
had some o t h e r  numbers t h a t  were c a l c u l a t e d  t h a t  1 d i d n ' t  p re-  
s e n t .  I took only those  t h a t  were i n t e r e s t i n g  and there was 
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sornethlng pecu l i a r  about t h e  Sorin 5.n t h e  c a p a c i t a t i v e  charging 
up of the  double layer of t h e  Piarathon and I d o n ' t  know whether 
t h a t ' s  a r e a l  nucl'oer o r  whether that ' s  an a r t i f a c t .  It ::lay 
have been so o ld ,  _~.'rn not  g05-n~ t o  pay niucfi a t t e r i t i o n  t o  i t ,  
but i t  does look l i k e  we a11 have t h e  same kind of pore s i z e  
even though s e v e r a l  of them, at l e a s t  sample no. 4 and sample 
no. 9, do have pore  formers around. 

- 

?Jel l ,  I have one more comqent t o  make on t h e  f i r s t  
s l i d e .  
of wantirig t o  p l o t  da t a  so t h a t  we ' l l  always ge t  s t r a i g h t  l i n e s  
and tile never r e a l l y  expect a simply p l o t  l i k e  t h i s  t o  come out  
t o  be a s t r a l g h t  l i n e ,  s 3  I want t o  upset  i t .  

We phys ica l  chemists have a l l  been f r equen t ly  accused 

I want ta now sake  i t  no t  a, s tya ight  l i n e  and I'm 

We load t h e  pores  up t o  a l e v e l  of 
going t o  do sometiling about t h a t .  
hzve. 
L. 

Let's cons ider  what W E  
m y  -;iere a r e  psi-es. 

And t h e r e  i t  i s .  Tha t ' s  t h e  top  equat ion.  NOW, 
we have an equat ion f o r  eps i lon  froin t h e  f i r s t  s l i d e ,  which 
i s  A-BP. And not? we can throw i n  y e t  another  equat ion and 
we de f ine  t h e  void vol-ume i n  terms of p o r o s l t y .  

And the  p o r o s i t y  i s  equal  t o  the  void volume as a 
r a t i o  t o  t h e  t o t a l  volume of tnc plaque, only we c o r r e c t  i t  
f o r  t h e  g r i d  t h a t ' s  i n  t h e r e ,  and we s u b t r a c t  i t  ou t .  
t h a t  i s  our d e f i n i t i o n  of t h e  void volume. 

And 

And, now, i f  we s u b s t i t u t e  t h e  two equat ions i n t o  
t h e  f i r s t  one, w e ' l l  s ee  t ha t  we have a second order  equat ion  
i n  t h e  p o r o s i t y  and i f  one has a second order  equat ion i n  the 
po ros i ty ,  then  we can do a l i t t l e  b i t  of d i f f e r e n t i a t l o n  and 
come out w i t h  t h e  f a c t  that t h e r e  i s  a maxinrurii cagac i ty  per 
u n i t  volume of p o s i t i v e  p l a t e  which i s  a very n i c e  number, 

'And i t  says t h a t  t h a t  maximum occurs a t  a 78 p e r -  
c e n t  p o r o s i t y  plaque. 
p o r o s i t y  occurs  a t  .78 o r  78 percent  p o r o s i t y  plaque, but  that  

And so we see  he re  t h a t  t h e  maximum 

. .- 



doesn ' t  g ive  us an answer a s  t o  the  ot.her number t h a t  we're 
i n t e r e s t e d  i n ,  not  wat t  hours per  cubic inch, but  watt hours 
per  pound, and i n  t h i s  case,  ampere hours per  pound, 

And t h a t ' s  more complicated,  because every time you 
make a change i n  t h e  p o s i t i v e  e l e c t r o d e ,  you make a change i n  
the  W ~ ~ Y y , y o u  make a change i n  t h e  nega t ive  e l ec t rode ,  you 
make a change i n  t h e  loading,  you make a change i n  t h e  separa- 
t o r  and i t  becomes -- t h e r e  a r e  about f i v e  i tems tha t  have t o  
be considered,  s o  i t  c a n ' t  be done i n  a s t r a i g h t ,  a n a l y t i c  
fash ion ,  a s  we're a b l e  t o  hafidle the  capac i ty  per  u n i t  volume 
i n  t h e  p o s i t i v e  e l e c t r o d e .  

All r igh t ,  t h a t ' s  enough of t ha t  s l i d e .  I ' m  going 
t o  t a l k  about ssnie loading l imits.  And t h e r e  does zppear t o  
be solile p r a c t i c a l  upper loading limits i n  t h e  e l e c  t rochex ica l  
i2;pregnatfons we f i r i d  we ci?n f i l l .  those voids t o  about 2.5 
~i'ti;..s pel= c c . ,  b?lt t h e  p l a t e s  t?-?..ckeLl. 

And Vince a l i t t l e  l a t e r  b i I l 1  show t h a t  loadings 
above a 5 o ~ t  2.35 grams p e r  c c .  i s  l l k e l y  t o  cause --- probably 
not  l i k e l y  -- but t h e  p r o b a b i l i t y  or" g e t t l n g  b l L s t e r s  apparent- 
l y  i nc reases  as we go above a loading l e v e l  of' 2.35 and come-  
cpei l t ly  wi th  t h e  thickeni-ng that  goes on, we want t o  c o n t r o l  
ourse lves  t o  b e l w  2.35 and appears t h a t  by the  time thickening 
occur a f t e r  fo rna t ion ,  t h a t  our a c t u a l  loading l eve l s  w i l l  be 
doviii i n  a range or" about 1.9 
w i l l  about niirhnize th ickening .  

2 . 1  g r a m  per cc.  and t h a t  

We w i l l  s t i l l  g e t  th ickening  and 1'11 d i scuss  t h a t .  
But be fo re  I g e t  onto thickening,  I should mention one o the r  
f a c t  and that i s  we've been f i n d i n g  that t h e  t h i r d  formation 
capac i ty  i s  g r e a t e r  t han  tha t  value t h a t  w i l l  o b t a i n  i n  a c e l l .  

And t h e  c e l l ' s  value i s  about 85 percent  of the  
t h i r d  formation. I t h i n k  t h a t  t h a t ' s  a p r e t t y  f a i r  number f o r  
u s  t o  be using f o r  t h e  design of c e l l s .  And i n  t h i s  t h i r d  a r e a  
I want t o  t a l k  about a hypothesis  of b l i s t e r i n g  and of thicken-  
ing.  

And he re  I ' m  going t o  emphasize somewhat the irnmers- 
ion  method. ;And i n  t h e  inrrnersion method we t a k e  the  n i c k e l  
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n i t r a t e ,  hexahydrate,  we g e t  i t  i n t o  t h e  pores ,  i n t o  the  voids 
and then we dry i t  and run  t h r o w h  a conversion to n i c k e l  hy- 
droxide.  

And one might ask,  "Well, how can t h i s  g i v e  r i s e  t o  
b l i s t e r s ?  We're looking f o r  s t r e s s e s  in s ide .  We're looking 
f o r  d i f f e r e n c e s  i n  vol-mes and i f  we looked up the  va lues  of 
nickelous hydroxide,  the  d e n s i t y  of hickelous hydroxide and 
the  dens i ty  of t h e  n i c k e l  n i t r a t e  or t h e  n i c k e l  hexahydrate,  
one f i n d s  that, t he  hydra te  i s  more dense than t h e  n i t r a t e .  
i"is not  going to b l i s t e r .  I t ' s  not  going t o  produce any 
s t r e s s e s .  I ?  

And. so  we scra tched  o w  heads a l i t t l e  over it and 
tnen  we r a n  8 siinple expeririient. I4ay I have t h e  next  s l i d e ?  

- _- 
I .  ,,--aL h I vie d l d  h e r e  F I ~ S  s e t  u_n ~ f i  experinefit  a l a  D r .  

Czse i n  a - t e s t  tube,  i n  which we took so;?ie nickel. n i t r a t e  

I'as-36 fiLckel. ? i t r a t e  that  \;e dicin't deiiycirate. 

, .  - c  
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And we made two observa t ions .  One was now f l o c -  
cu len t  i s  i t ?  Because i r "  it becomes f l o c c u l e n t ,  then i t ' s  
more dense than  t n e  data i n  t h e  books. So, we're dea l ing  with 
hydrated oxides.  

And t h e  observa t ion  i s  t h a t  as one decreases  t h e  
concent ra t ion  of t h e  potassium hydroxide i n  t h e  conversion, 
t h e  dens i ty  becoxes g r e a t e r  i n  t h e  hydroxide.  If you ' re  not  
dehyrated,  i t  becomes even mme f l o c c u l e n t .  

One'looks at t h e  co lo r ,  we s t a r t  with the  green  and 
it starts tending t o  go over t o  a blue,  so  i n  t h l s  f o u r t h  case 
i t ' s  mostly b lue  and some green. So we a r e  dea l ing  wi th  d i f -  
f e r e n t  degrees of hydra t ion  of m a t e r i a l s  and not  only t h a t  but  
i t  appears  t h a t  t h e  na tu re  of t he  'njrdroxide t h a t ' s  used f o r  
the  conversion i s  a l s o  ifiiportant, because i f  one were to take 
a 15 percent  sodium hydroxide s o l u t i o n ,  tnen one f i n d s  t h a t  
t h e r e ' s  a greeen p r e c i p i t a t e  that's only s l i g h t l y  f l o c c u l e n t .  

And so you can avoid some b l i s t e r i n g  by conversion 
i n  sodium hydroxide r a t h e r  t han  i n  potassium hydroxide o r  use 
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a more d i l u t e  one. Be t h a t  as it  may, we've learned  some things 
from t h i s  and t h a t  i s  i f  we have a hydrated n i c k e l  hydroxide, 
a s  &'e keep inpregn2t ing with each cyc le ,  t he  s t r e s s e s  t h a t  arc 
occuri-lr& Ins ide  t h e  p l a t e  a r e  bu i ld ing  up and a p r o b a b i l i t y  

' of g e t t i n g  b l i s t e r s  a r e  inc reas ing ,  

I'm going to neglec t  t he  case of overcharge or  over- 
discharge where t h e r e  a r e  a l o t  or" gases ,  I want t o  s t a y  with 
the  chen ica l  methods, because i t  seems t h a t  they  a r e  important 
when t h e  c e l l s  a r e  being made r i g h t  a t  t h e  beginning. 

And I don ' t  want t o  weaken t h e  plzque,  We've been 
using a strorg plaque. !.ielve been going through tiie use of 
pore f o r m  t o  have a sti-ong, plaque. I don't want t o  l o s e  that 
c h a r a c t e r i s t i c  

y e  5.- , - ~ . v e  sevei*-ai thi.r.gs t5at V;E can  consider ,  ;'or 
imta i i ce ,  If ;;ie want t o  o f f s c t  s t r e s s e s .  Lay I have tiie l a s t  
s i i 2 , e l  

I t h i n k  t h i s  wLll cleai* up sone of t he  p o i n t s .  iJe're 
dea l ing  -- t he  one on tine l e f t  is  i n  a scanning e lec t ror ,  
microscope photograph of i?, s i n t e r e d  n i c k e l  plaque arid t h i s  one 
happens t o  have been made wi th  pore f o r n e r .  We c a n l t  f i n d  
too  l a r g e  d i s t r i b u t i o n  or" pores .  

We can f i n d  two pore s i z e d  d i s t r i b u t i o n s  -- a l a r g e r  
one and a ve ry  m a l l  one, b u t  we c a n ' t  f l n d  two l a r g e  ones, 
witich w m l d  cor?-espond t o  t h e  pore former l i k e  we've zdded, 
The one on t h e  r i g h t  i s  t h e  sa:m kind of plaque that ' s  been 
inipregnated as a p o s i t i v e  e l ec t rode .  

And t h e  i n t e r e s t i n g  th ing  about t h i s  i s  t h a t  t h e  
n i c k e l  hydroxide -- and t h i s  i s  nickelous hydroxide, but  it s 
black,  i t ' s  been reduced, s o  it's not  hydrated.  These l i t t l e  
boulder - l ike ,  mol le r - l ike  m a t e r i a l s  appear t o  be r i g h t  on t h e  
s i n t e r e d  n i c k e l  t h a t  they a r e  adhered t o  r a t h e r  than  wi th in  
t h e  voids .  

So we look up here  and we still see  an  open reg ion ,  
We look a t  n i c k e l  hydroxide and i t  We see  open'regions here .  

d 



B 

h 
h 

d 



110 

su re  looks as  i f  i t ' s  being placed on t o p  of s i n t e r e d  n i c k e l  
and i t  i t ' s  placed on top  of s i n t e r e d  n i c k e l ,  we can assume 
that; i t f  s zcirit; t o  s t a y  t h z t  way. 

And now t h e r e  i s  a volunie change as one goes from 
a charge t o  a dfscharge,  i f  we look up the n i c k e l  hydroxide 
and t h e  b e t a  n i c k e l  hydroxide -- b e t a  n i c k e l  hydroxide i s  4,6, 
n icke lous  hydroxide has a d e n s i t y  of 4,15 and these a r e  tne 
s t r e s s e s .  

S t r e s s e s ,  apparent ly ,  have t o  be  r e l a t e d  t o  how 
much mater_i.al i s  i n  t h e  pore.  So,  i f  we cofitinue loading,  
t hese  a r e  expected t o  be l a r g e r .  
t o  be much, much g r e a t e r ,  I d i d n ' t  do aiiy of t h e  meckanical 
ca l cu lak i Jns  of how t n e  s t r e s s e s  e r e  increased. by t h e  degree 
of Loading, b a t  we kind of expect sor;;etliing more than a siniple 
m a t h e m t i c a l  f u n c t i o n ,  

Tile s t r e s s e s  a r e  expected 

We're not  going t o  avoid -- i t  appears t o  me -- over- 
coning t h e  th ickening  an6 t h e  s t r e s s i n g  t h a t  we have because 
of t h e  changes, t h e  molar volume d i f f e r e n c e s  between the  two 
s t a t e s  of charge.  But, obviously,  i t  w i l l  be r e l a t e d  t o  t h e  
depth of discharge,  t h e  s t r e n g t h  of t h e  s i n t e r  and the  degree 
of loading.  

And we've choserz t h e  po in t  of making a stron.; plaque 
and merely delaying t h e  th ickening  and t h e  stresses t h a t  might 
y i e l d  f a i l u r e ,  so  our po in t  of view i s  t h a t  w i t h  a g o a l  of 
2 1  watt hours p e r  pound, we don ' t  want t o  s a c r i f i c e  on t h e  
loading ,  

Nhat w e ' d  r a t h e r  do i s  keep t h e  loading  up and i m -  
prove t h e  l i f e t i x e  of t h e  c e l l  by having a s t ronge r  plaque and 
we have been e b l e  t o  load  even by t h e  emergent plaques and make 
some changes. 

NOW, I have no long-term r e s u l t s  t o  t e l l  you a t  t h i s  
time, bu t  t h e  degree of p l a t e  th ickening  appears t o  have beei-i 
decreased so  t h a t  t h e r e ' s  only about a 13 ml. thickening a f t e r  
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27 C r a t e  charges  and discharge;; a t  values  of 75 t o  103 per-  
cent  depth or" di.scliarge. I n  s p i t e  gf' t h e  f a c t  that we had 
p l a t e s  that were 78 percent  porous and  loaded t o  about 1.3 
gram p e r  cc.  a , f te r  th ickening .  Thank you. 

FOX): Thank you, Kavey. Any ques t ions  a t  t h i s  
time ? 

LURIE: iiarvey, how d i d  you measure po ros i ty?  

SEIGER: I weighed the  plaque and t h a t  i s  one 
pa rane te r  s i n c e  t h e  dens i ty  of n i c k e l  i s  8.9 and then  I 
i:n_oregnate t h e  plaque wi th  t.;ater and W E  skim of f  t h e  su r face  
u n t i l  we have orily Eicro-drople t s .  I use t h a t  for t h e  void 
volur:,e. 

There was a bias between the  two rrethods, The 
b i a s  was cons tan t  and t h e  d i s p e r s l o n  05 standard d e v i a t i o n  
was a c t u a l l y  less on t h e  strzigh'i. i'orward mechanical method. 
,,iere was a two percent  d i f f e r e n c e .  r"' 

SZIGZ2:  E-fow o ld  were t h e  plaques? TT'riia nakes 
a d i f f e rence .  i n c i d e n t a l l y ,  i t  icakes a dlfferelnce whether 
you p u l l  a vacuum and how o l d  t h e  plaqiles a r e .  

L'ITRIS: Froduction r u n s .  cih yes,  t h i s  was a l l  
f r e s h  m a t e r i a l .  I don ' t  mean to imply t h a t  one iiiethod i s  
b e t t e r  than  t h e  o tne r ,  b u t  t h e r e  i s  about a two percent  
d i f f e rence .  

SEIGZ2:  Yes, I was looking f o r  evidence of blocked 
o f f  pores and I cou ldn ' t  promulgate i t  -- I cou ldn ' t  b r ing  it 
out -- negat ive  data,  

FORD: Dr. Scot t?  

SCOTT: Normally, t he  l i q u i d  abso rp t ion  method f o r  
1 



112 

I 

m a s u r i n g  void volurne i s  r e f e r r e d  to a s  measuring in te rcon-  
nected void volume whereas a s t r a l g h t  igeigilt measurement 
would :neasurc t o t a l  t:eighf; vol-m~e.  Are you saying t h a t  t h e  
d i f ' f e rmce  betwzen In te rconncc teJ  as ii;easured and t ~ t s l  pore 
voluzie i s  only i n  t h e  order  of two percent  of t h e s e  m a t e r i a l s ?  

SZIGER: I t h i n k  1.k. Lurie and I both agree  on that. 

L'JRIE: We're saying e s s e n t i a l l y  t h a t  you have a l l  
voids  t h a t  a r c  a c c e s s i b l e  t a  t h e  water.  We i n t e r p r e t  t h e  ' 

dil ' ference as having to do wi th  a su r face  phenonena. I n  other  
words, we j u s t  take a nicrorneter and we measure the tn i ck -  
ness  a s  t h e  microneter  s ees  i t .  

T h i s  i s  rLot exac t ly  tne same pnys ica l  form tha t  t h e  
water sees  when yoii e s s e n t i a l l y  squeegee t h e  excess o f f  fi*ol;l 
t h e  sur face ,  we do see a cans t an t  b i a s .  

SCOTT: In vjiiich d i r e c t i o n ?  

LTJ31Z: I ' m  no t  implying those  a r e  r e a l  d i f f e r e n c e s .  
I ' m  saying t h a t  both or" t hese  methods measure t h e  th ing  which 
we c a l l  po ros i ty .  If  we went t o  mercury pene t r a t ion ,  we'd 
g e t  a t h i r d  one which would not  be exac t ly  t h e  same as e i t h e r  
of t h e  o t h e r  two, but also we would c a l l  t h a t  po ros i ty ,  which 
i s  t h e  only reason I asked the  ques t ion  i n  the  f i r s t  p lace .  

> 

SEIGER: I ' v e  go t  t he  nicrophone so I ' m  c a p t i v e ,  
My com!ent -- we're  i n t e r e s t e d  i n  the voids t h a t  we can 
put  i n  an a c t i v e  m a t e r i a l ,  a n i c k e l  hydi-oxide o r  a cadmium 
hydroxide.  

We're a l s o  i n t e r e s t e d  i n  g e t t i n g  potassium hydroxide 
i n t o  those voids,  a f t e r  they 've  been impregnated and so I ' d  
love t h a t  l i q u i d  method. I may be wrong i n  using water,  but  
I l i k e  i t .  D r .  Naurer? 

MAURER: ( B e l l  Labs) I have a comment. We s tud ied  
t h r e e  tecnniques of t h e  mechanical method -- t h e  water pick-  
up, t h e  mercury porosimeter on t h e  same blocks o r  plaques and 
confirmed l a r g e l y  what you a r e  saying. 
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The mechanical method i s  sys t ema t i ca l ly  of higher  
values  than water pick-up anL! they a r e  sys t ema t i ca l ly  higher  
than mercury p o r o s i m t e r .  IJe f i n d  that t h e  aniaunt of d i f f e r -  
ence, many tiines, i s  r e l a t e e  t o  tile su r face  cond i t ion  of tile 
pack. 

The rougher t h e  su r face  of t he  plaque, t h e  g r e a t e r  
t h e  d e v i a t i o n  of t h e  two methods. The water pick-up methods, 
being easy t o  do, i s  somewhat ope ra to r  dependent -- j u s t  how 
they wipe of f  t h e  excess water d r o p l e t s .  With some p r a c t i c e ,  
a s i n g l e  opera tor  could g e t  very c o n s i s t e n t  r e s u l t s  and We 
f i n d  tilai; on plaques t ha t  have goo6 su r face  condi t ions ,  the . 

d i f f e r e n c e  i s  about one percent  between mechanical and water 
pick-up and pe rhaps  a half  a percent  between water pick-up 
and mercury porosimeter ,  

Anather question I h ~ d :  i n  t h e  u t i l i z a t i o n  f i g u r e s ,  
whaG you are quoliing, a r e  you usilng a coba l t  a d d i t i v e ?  

The weak plaques were s i n t e r e d  a t  a very 13w tem- 
p e r a t u r e s  and t h e  high s t r e n g t h  plaques a t  higher  temperatures 
and we found no d l2ference  between the s t r e n g t h s  and cyc le  
l i f e ,  

K h a t  we d i d - f i n d  was t h a t  t h e  amount oi" c o b a l t  i n ,  
t h e  plaque had a very pronounced e f f e c t  on the  cyc le  l l f e  
i p J i t i i  no c o b a l t  oi' tile r e s i d u a l  c o b a l t  i s  n i c k e l  n i t r a t e ,  which 
i s  about 1/10 of a percent .  

We have a cyc le  l i f e  i n  the v i c i n i t y  of 2CO cycles  
and with f i v e  t o  t e n  percent  a s  we move ou t  t o  1,000 cyc le s  
of a very pronounced e f f e c t  of t h a t .  If you take  tne  same 
plaques and cyc le  and you a r e  looking f o r  e l e c t r o l y t e  conta in-  
ing l i t h ium,  then the  cyc le  l i f e  drops oTf. 

And we p o s t u l a t e  t h a t  t h e  cyc le  . l i fe  i s  not  depen- 
dent so much on t h e  s t r e n g t h  af t h e  plaque, but on the  swallow- 
ing of a c t i v e  m a t e r i a l  because of t he  s t r e s s .  You sinlply g e t  
s t r e s s  f a t i g u e  of the depos i t  r a t h e r  than  substrate. 

FQRD: Thank you. Other ques t ions?  Okay, a t  



th1.s time we w i l l  have D r .  Vince P u g l i s i  of I Ie l iotek.  The 
sub2ect i s  e lec t rochemica l  ircpregnation of s lnkered  plaque. 
T h c  co-E?utiiC)rs of t h i s  p r e s e n t a t i o n  -is D r .  Harvey Se iger  
and Paul Rediixil. Dr L u g l i s i ?  

PLTGLISI: A t  t h i s  time I would l i k e  t o  desc r ibe  
He l io t ek ' s  e f f o r t  under A i r  Force sponsorship i n  manufacturing 
e l e c t r o d e s  f o r  nickel/cadmiurn b a t t e r i e s  by an electrochemi- 
c a l  impregnation technique. 

I w i l l  f i r s t  d i scuss  t h e  p a s i t i v e  e l e c t r o d e  process ,  
then  t h e  negat ive e l ec t rode ,  and f i n a l l y  the  program s t e t u s  
t o  da t e .  

On the f i r s t  s l i d e ,  I ' v e  s h a ~ f i  t h e  condi t ions  under 
which the p o s i t i v e  process  i s  p r e s e n t l y  being conducted at 
i i e i i o t  ek. 

As one c882 see,  the  medium csmsis;ts 0f 50 pc-i-cer,t 
e t h y l  a l e s h s l ,  piekel and coba l t  i on  csn~eritratisris  a r e  1 . E  
and .2 malar r e s p e c b i v e l y .  The 213 GI" the  solution i s  lnkially 
adjusted to a va lue  of l e s s  t h z n  2 , 5  and nitrie a i d  i s  &&de6 
dwine; dhe course of t h e  process  t o  m T n t ; a i n  the pH Less than  
2.5. 

in twc~ groups -- those !~!iiiciZ rzrna5.n i'ixed, where we have ar- 
b i t r a r i l y  o r  f o r  o ther  reasans decided to f i x  and those  
which we vary.  

The gerameters z t  o;~ i "  d i s p o s a l  c ~ . p  be cliassifri 

The f i x e d  parameters include the  temperature of 
the ba th ,  which Lis naintairied et 79 degrees Centigrade,  Eon- 
c e n t r a t i m s ,  co rx3n t ra t ion  r a t i o ,  e t  c e t e r a ,  worklng e l ec -  
t rode ,  counter  e l ec t rode  spacing, e l e c t r o d e  alignment and 
t h e  m a t e r i a l  of t he  counter  e l ec t rodes ,  whleh i s  n i c k e l  270, 

The parameters which we choose t o  vary include:  
c u r r e n t  dens i ty ,  i q r e g n a t i o n  t imes,  s i n t e r  po ros i ty ,  and 
plaque th i ckness ,  

s On t h e  next s l i d e  we show some impregnation d a t a  
of 78 percent  porous, 34 ml, plaque. These a r e  t y p i c a l  types 
of ,  t y p i c a l  series of da t a .  

(S l ide  89.) 

They are  grouped according t o  cu r ren t  dens i ty .  We 
used t h r e e ' c u r r e n t  d e n s i t i e s :  .3l, .5, and .35 amps per  
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square inch. The impregnation t ime ranges a s  high as 153 min- 
u t e s .  The s e r i e s  t h r e e  and s e r i e s  f o s r  p l a t e s  c o n s t i t u t e  
two coupon experiments,  wnich I w i l l  go i n t o  l a t e r .  

The examples of t y p i c a l  type loadings,  which we ob- 
t a ined  can be givan by e n t r y  no. 2, which was a p l a t e  loaded 
a t  .5 amps f o r  123 minutes and was loaded t o  a l e v e l  of 2.52 
grams per  cc .  of void.  

Let me s t a t e  now t h a t  none of t hese  loading l e v e l s  
have been co r rec t ed  f o r  p l a t e  th ickening .  This p l a t e  which 
was loaded to 2.5  grams per  cc .  of void exh ib i t ed  sorrte su r -  
f ace  depos i t i on  a s  can be seen i n  t h e  p l a t e  th ickening  from 
34 t o  40 mls. 

Exaxples of o t h e r  types of loadings which can be 
obtained 3rd. t h e  types of thickening a r e  given i n  entries 
A ,  5 6 and 7. These t h r e e  p l a t e s  were loaded at .35 amps per  
sqzare  inch f o r  150 rA.rLIucs t o  8 level of spproximately '2.3 
grz::s p e r  c c .  af' v ~ i c !  ~ 5 . 2 h  a b x t  zn avzrage of z n l s ,  OP 
th ickening  of t!ie p l a t e s .  

n 

$ 3 ~  I have tila fiext s l i d e ,  p l ease?  

T h i s  i s  t h e  da t z  t a b u l a t e d  on the  previous s l i d e  
rn for t h e  s e r i e s  3 p l a t e s .  ibis was a coulpon experiment which 

was c a r r i e d  out i n  t h e  fo l lowi rg  manner. The s i x  p l a t e s  
were impregnated a t  , 5  amps per  square inch  for var lous  per -  
iods  of t ime. 

We noni tored  two t h i n g s :  t h e  loading l e v e l  once 
t h e  p l a t e s  were removed as a func t ion  of impregnation t i n e  
and t h e  c e l l  vo l tage  as a f u n c t i o n  of impregnation time during 
the  course of  t h e  process .  

As can be seen the loading l e v e l  curve,  which i s  
t h i s  curve,  r i s e s  sharp ly  during t h e  first p o r t i o n  of the  ex- 
perinLent and then l e v e l s  o f f  to a loading l e v e l  range of 
about 2.3 grams pe r  cc .  of void.  

At t h e  same time, durlng t h e  rising por t ion  of the  
1oad.ing l e v e l  curve,  t he  c e l l  vo l tage  curve e x h i b i t s  a p l a t eau .  
During t h e  bend of t h e  loadrng l e v e l  curve,  we see  a sharp 
r i s e  i n  c e l l  p o t e n t i a l  followed by a second p l a t e a u  of t he  
c e l l  vo l tage  curve i n  t h e  reg ion  where loading l e v e l  has  
l e v e l l e d  o f f .  
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And af io ther  v i s i b l e  ind ica t io i i  of this i s  the l a s t  
two p l a t e s ,  or the most hezvi ly  loaC.eci p l a t e s ,  iias a v i s i b l e  
green su'ostance 012 tFhe su r face ,  whereas tile l e s s  l i g h t l y  
loaded p l a t e s  d i d  not have any su r face  mate iAia l  whatsoever. 

May I have t h e  next  s l i d e ,  p l e a s e ?  

T h i s  i s  the s e r i e s  4 plates t abu la t ed  i n  the second 
s l i d e  a n d ,  zgzifi, he re  we arc apply'ing t h e  sa~iie type of da ta  
for a co~.polz experi:xnt,  but  cai-ried out a t  .35 amps per  
sqmz-.e incl:. 

May I have t h e  next s l i d e ?  

( S l i d e  83.)  

T h i s  i s  t h e  comparison of ti;? two cou-pon exper i -  
ments which were c a r r i e d  ou t  a t  t h e  d i f f e r e n t  cu r ren t  den- 
s i t i e s .  l i ha t  we have p l o t t e d  here  i s  loading l e v e l  versus  
charge input  measured i n  coulombs. 

Tile upper curve,  o r  t h e  curve e x h i b i t i n g  the h igher  
s lope  i s  the curve z r r i v e d  a t  usiiig t h e  .5 amps p e r  square 
incn c u r r e n t  dens i ty .  The lower curve i s  t h e  one obta ined  
using a c u r r e n t  dens i ty  of .35 amps per  square inch. 

A s  can be seen, t h a t  f o r  a, g iven  charge-input,  that 
t h e  h igher  c u r r e n t  dens i ty  we g e t ,  a higher loading l e v e l .  
However, t o  achieve t h e  high loading  l e v e l s  i n  a range of 
2.3 grams p e r  cc . ,  the higher  c u r r e n t  dens i ty  e x h i b i t s  a 
more r a p i d ' l e v e l i n g  off  and even tua l ly  merges i n t o  the 
curve a t  t h e  lower cur ren t  dens i ty .  
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May I have t h e  next  s l i d e ,  p l e a s e ?  

( S l i d e  84,) 

O r  

I 

This i s  some formation d a t a  f o r  the more heav i ly  
loaded coupon p l a t e s  from the  previous few s l i d e s .  I have 
grouped t h e s e  according t o  p l a t e s  which a r e  s i m i l a r l y  loaded 
using t h e  d i f f e r e n t  c u r r e n t  d e n s i t i e s .  

And what we're doing here  i s  comparing p l a t e s  of 
var ious loading l e v e l  i n  t h e i r  forxiation performance, as  wel l  
a s  p l a t e s  which a r e  loaded using two d i f f e r e n t  cu r ren t  den- 
s i t i e s .  

The f i r s t  pDint or t he  most important p o i n t  from 
this  graph i s  t h e  f a c t  t h a t  t he  raore heavi ly  loaded p l a t e s  
both b l i s t e r e d .  The p l a t e s  loaded to 2 . 1  grams per  cc .  d i d  
no t  b l i s t e r .  

? l a t e s  whicii were loaded 60 e s s e n t i a l l y  2 grams per  
cc .  b l i s t e r e d  2s or:e c a s e  bu t  L i d  n o t  3 l l s t e r  in tlie second 
c h s e .  ';ne p l a t e  w3ich NELS loar;led ab  t i?€ h igher  cu r ren t  den- 
s i t j -  -- pla5e  3-5 -- di.2 b l i s t e r ,  vi'nereas p l a t e  Lt-5, which 
was loaded a t  .35 a ~ p s  per square iiich d i d  not b l i c t e r ,  even  
th~x- ; ; :?  it : G ~ S  Loaded tz, tile sa?? level. as the  3-5 p l ~ ~ t e .  

Nay 7 have the next  s l i d e ,  p l e a s e ?  

( S l i d e  85# ) 

Again, t h i s  i s  all da ta  for 78 percent  p o r o u ,  
34 m l .  plaque. Mow, t h i s  i s  t h e  formst ion h i s t o r y  of t h r e e  
o the r  p l a t e s ,  p l a t e  5-1, 5-2, and 5-3. 

Now, t h e  p o i n t s  of i n t e r e s t  here  a r e  t h e  u t i l i z a -  
t i o n  f i g u r e s .  These u t i l i z a t i o n s  were measured t o  a cut-off  
vDltage 02' .5 volts, Kow, i f  one n o t i c e s  t h e  average u t i l i z a -  
t i o n  of t he  t h r e e  p l a t e s  i s  116 pe rcen t .  This i s  i n  f looded 
formation a f t e r  24 cycles .  

An i n t e r e s t i n g  f a c t  of t h e s e  t h r e e  p l a t e s  i s  t h e  
f a c t  t h a t  t h e s e  t h r e e  p l a t e s  were loaded simultaneously a t  
.35 amps per  square inch  f o r  150 minutes t o  approximately an 
average of about 2.3 grains per  cc .  of void with about a 2 
n i l .  t h ickening .  

Tne p l a t e s  were arranged i n  t h e  p lane  with p l a t e s  
5-2 arid 5-3 being t h e  o u t s i d e  p l a t e s  and 5-1 being t h e  ten- 
t e r  p l a t e .  linmediately fol lowing impregnation t h e r e  was 
no t i ced  t h a t  t h e r e  was an  edge build-up on tlie two ou t s ide  
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p l a t e s .  

P l a t e  5-1 d i d  not  show t h i s  edge build-up. This 
edge build-up r e s u l t e d  from a non-uniform c u r r e n t  dens i ty .  
Now, if I may have t h e  next  s l i d e ?  

( S l i d e  86.) 

What was i n t e r e s t i n g  was t h e  f a c t  t h a t  p l a t e  5-2 
and 5-3 both b l i s t e r e d ,  whereas 5-1 d i d  not .  And what was 
a d d i t i o n a l l y  of i n t e r e s t  w i l s  t h e  f a c t  t h a t  t h e  b l i s t e r i n g  
p a t t e r n  followed t h e  edge build-up. 

It c m  be seen here .  This  s l i d e ,  a l though i t  shows 
t h e  b l i s t c r i r g  pa t te r r , ,  dJes  not  show the edge build-up which 
was much more proliounced o r  v i s i b l e  once t h e  p l a t e  had been 
immediately impregnated. 

And 3122 exa~iljle i s  a rmn-~wi .?om cur.refli; d e n s i t y ,  
Other examples cauld  be v a r i a t i o n  i n  void volune ac ross  a 
p l a t e ,  y a r i a t i o n  in pltique t i i ickness ,  paraxietei-s such as 
t h a t .  I ’ d  l i k e  t o  a l s o  add t h a t  we have el ini lnated from our 
process  t h i s  3 c c u r r m c e  of edge builC-up. 

iday I have the  next  s l i d e ,  p l e a s e ?  

( s i i d e  87.) 

Here a r e  shown t h e  complete h i s t o r y  of 27 p l a t e s .  
These p l a t e s  were -- t h e  p l a t e  c h a r a c t e r i s t i c s  a r e  as fol.lows. 
The p l a t e  was 78.7 percent  porous, t n e  i n i t i a l  average p l a t e  
th ickness  was 29.3 mls. 

These p l a t e s  were impregnated f o r  125 minutes a t  a 
c u r r e n t  d e n s i t y  of .35 amps per  square inch,  The loading  
l e v e l  fol lowing impregnation was 2.35 p l u s  o r  minus .O7 grams 
per  cc of void.  There i s  no cor rec t ior i  here  f o r  p l a t e  
th ickening .  

The p l a t e  t l?ickness o r  t he  average p l a t e  th ickness  
fo l lowing  impregnation was 29.9 o r  a p l a t e  th ickening  of ,6 
mls, Following formation -- and these  were Subjected t o  
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Figure 8 
~ i ( O H ~ ~ 0 0 H  Electrode: Blistering 

to non-uniform current density. 
resulting f rom edge buildup due 

FIGURE 86 



27 formation cyc le s  -- the  f i n a l  loading  l e v e l  of t h e  p l a t e  was 
1.88 p lus  o r  niinus .06 grains per  cc  of void.  
1.88 grams per  cc  of void -- is ,  i n  f a c t ,  co r rec t ed  to p l a t e  
th ickening ,  

T h i s  value -- 

The u t i l i z a t i o n ,  measured i n  the  f i n a l  formation cy- 
c l e  t o  a vol tage  cut-off  of +C.g was l o g  percent .  
co*mse of t h e  formation, t h e  p l a t e s  were measured as t o  th ick-  
ness  and ';he average th ickening  was determined a f t e r  t n e  
l h t h  and a f t e r  t h e  27th c y c l e ,  

During t n e  

Following t h e  1 4 t h  cyc le ,  t he  p l a t e s  measured -- 
an  average p l a t e  measwed 33.6 p l u s  o r  minus 0.7 nil~ -- i n d i -  . 

c a t i n g  a 1.3 ml. th ickening  from the i n i t i a l  plaque th ickness .  

Followirig t h e  27th cycle ,  t h e  p l a t e s  thickened t o  
a value of 30.8 p l u s  o r  a i n u s  9.6 m l s . ,  an  average p l a t e  
b ~ ~ i c k e r l i i - i ~  of 1,T nls .  If you were to take %his data and 
p l o t  it v e ~ s u s  fompatian eycles,  you would see thak plate 
thickening had increased sharply 3%llowing inpregnatian an& 
then levelled off ,  seemingly FcsveBs o f €  as a f u n c t i o n  of f o r -  
mation cyc le  snci khat wk11-e finally looking 
p l a t e  t h i s k e n i @  of 1.5 mls. 

L' 

an average 

( S l i d e  88. 

The medium i s  e n t i r e l y  aqueous. The s o l u t i o n  i s  
2 molar i n  cadmimi n i t r a t e .  The pH i s  i n i t i a l l y  s e t  a t  3.5 
and as D r .  P i c k e t t  r e l a t e d ,  t h e r e  5s no a t t e n p t  to c o n t r o l  
t h e  pH during t n e  course of the  process .  

The  parameters which we have a t  our c o n t r o l  inc lude ,  
aga in ,  can be c l a s s i f i e d  i r i to  those  which a r e  f i x e d  and those 
which a r e  v a r i e d ,  

We opera t e  a t  a t enpe ra tu re  of' 101  degrees Centi-  
g r a t e ,  
being maintained a t  2 molar. 
e l e c t r o d e  spacing i s  se t  at .75 inches ,  

The concent ra t ion  i s  the  f i x e d  parameter,  cadniirti 
The working e l ec t rode ,  counter  

Counter e l e c t r o d e  m a t e r i a l  i s  cadmiax and immediately 
fol lowing t h e  impregnation, the impregnated p l a t e  i s  formed 
i n  20 percent  KOH, which i s  maintained at a temperature of 
80 degrees '  Centigrade.  
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The parameters which we vary i n  t h i s  case  include 
c u r r e n t  dens i ty ,  impregnation t i x e ,  plaque th ickness  and s i n -  
t e r '  po ros i ty .  There i s  an  a d d i t i o n a l  parameter,  which i s  a t  
our c o n t r o l  and that i s  t h e  technique under which t h e  e l e c t r o -  
chemical izipregnation i s  c a r r i e d  out .  

1'11 expand on t h i s  on t h e  next  s l i d e .  We a r e  
p r e s e n t l y  using t h r e e  techniques t o  obta in ,  o r  we have looked 
at t h r e e  techniques t o  o 3 t a i n  t h i s  inpregnat ion.  

(S l ide  89.) 

Method 1 is t h e  cons tan t  c u r r e n t  s t e p ,  o r  which 
we denote CCS nethod and i n  t h i s  niethod -- I apologize to t h i s  
n o t  appearing -- tiiis i s  J, tile c u r r e n t  dens i ty .  What we 
do i s  we apply const.an'i cu r ren t  ders iky  f o r  same time -- T f  -- 
our v a r i a b l e ,  t he re fo re ,  a r e  J, t h e  magnitude of t h e  cu r ren t  
densi ty ,  a n 8  t h e  time dura t ion  i r u  wlrieh t h i s  i s  appl ied .  

Ti? s e c c n a  fczethod i E  an alternating current.  pulse 
technlque, which we denote  ACP. 
except  tha t  a p u l s e  i s  applied uhicb j s  symmetrical with r e -  
spect t o  zero emrent and it is applied f o r  same duration, 
Tf 

This i-s similar t o  t h e  f i r s t  

h d ,  i n  t h i s  case,  the t i x e  of the Porxard-gDing 
pulse ,  Tc, i s  equal  ta tile t ime of the r eve r se  pulse ,  T a .  
T h e  third tec3nique vjhich we have used i s  an a l b e r n a t i n g  
cu r ren t  pu lse  technique which i s  assyme:;ric with r e spec t  t o  
t ime. We denote t h i s  t h e  ACFT technique.  - -  

And this i s  si-gilar to tile second technique i n  t h a t  
The d i f f e r e n c e  l i e s  i n  t h e  fact t h a t  t h e  a p2 l se  i s  app l i ed ,  

t ime dura t ion  t h a t  t h e  forward o r  caGl-iociizing pulse  i s  app l i ed  
i s  g r e a t e r  t han  the  time which t h e  r eve r se  pu l se  Ls app l i ed  -- 
t h a t  i s ,  Tc i s  g r e a t e r  than Ta .  

And so we have an a d d i t i o n a l  v a r i a b l e  which we can 
vary.  Hay I have the  next s l i d e ?  

( S l i d e  90.) 

This  snows e lec t rochemica l  impregnation data of 75 
percent  pofous, 26 m l .  plaque. 
ars 12 minutes, c u r r e n t  dens i ty  ranged from about 1.4 amps 

Typica l  t imes of' impregnation 
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per  square inch to 2 amps per  square inch .  

'Ihe d a t a  i s  grouped according t o  the  e lec t rochemica l  
impregnation technique. 
and 3, whicii e x h i b i t  an  impregnation time of 12 minutes a t  
var ious  c u r r e n t  d e n s i t i e s  using the.  CCS method, y i e l d ,  i l l u s -  
t r a t e  t h e  type of loading  l e v e l s  which a r e  obtained a t  o 
p l a t e  thickening.  I 

Tne f i r s t  tni-ee e n t i r e s ,  e n t r y  2 ,  4 

We obtained loading l e v e l s  which range anywhere from 
1.8 to about 1.9 grams per  c c ,  of void i n  a 12 minute time 
span. 
CCS rnetilod for var ious  times i s  another  coupon experiment, 
which I w i l l  show on t h e  next s l i d e .  

The s e i i e s  6 p l a t e s ,  which were a l s o  loaded using the  

Could I s t i l l  have t h a t  s l i d e  p l ease?  

And i n  no case i s  the  loading  l e v e l  similar to t h e  
loading  l e v e l s  obtained by just t h i s  new Fpp l i ca t ion  of a 
cons tan t  c u r r e n t .  A l s o  what's no t i ceab le  here  i s  t h e  f a c t  
t h a t  p l a t e  d i s i n t e g r a t i o n  has  occurred i n  most ins tance ,  i n  
every ins tance .  

I n  an  at tempt  t o  inc rease  t h e  loading by extending 
t h e  t i m e  bu t  u s i r g  t h e  optimuni frequency, we extended the 
time or" impregnation 24 minutes,  kept  t h e  cu r ren t  d e n s i t y  
t h e  same a t  two amps p e r  square inch  r e s u l t e d  i n  the  poorly 
loaded p l a t e  

Now,  may I have t h e  next  s l i d e ?  

(S l ide  91.) 

T h i s  i s ,  again,  of t h e  s e r i e s  6 p l a t e s ,  which were 
t abu la t ed  on the  previous s l i d e .  It i l l u s t r a t e s  loading  
l e v e l  as a f u n c t i o n  of impregnation time -- t h e  t i m e  du ra t ion  
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approximately 15 minutes f o r  the completion of‘ the process .  
And, again,  th is  i s  an experislent where s i x  p l a t e s  were 
loaded t o  var ious ,  for  var ious  per iods  of time, a t  a c u r r e n t  
d e n s i t y  of 2 aiaps per  square inch. 

A s  one can see ,  the loading l e v e l  r i s e s  sharp ly  and 
then  t h e r e ’ s  a long po r t ion  of t h e  t ime f o r  approximately t h r e e  
minutes on t h a t  t he  s lope  of g r e a t l y  reduced. 

We even tua l ly  g e t  t o  a l e v e l  of about 2 grams p e r  
cc .  of void.  
cu r ren t  s t e p  method. 

Tnese p l a t e s ,  again,  were loaded by the  cons tan t  
Nay I have the next  s l i d e ?  

(S l ide  92.) 

T h i s  data here  i s  the  iapregnat ion  oP 82 percent  
porous plaque, measuring 25 m l s .  
a c c x 2 i r i  t o  t h e  tecnnlque zk ich  vias used t o  a f f e c t  the 
loadir,g. 

Again, t h e  grouping i s  

Ltxter..siofi 01“ the t k ~ ,  as si;m;n i n  eriti-y L-Q, ac 
a d d i t i o n a l  two minutes a t  t h e  saae c u r r e n t  dens i ty ,  r e s u l t e d  
i n  a loading l e v e l  i n  excess of three grams per cc.  of void 
but  witn cons iderable  su r face  depos i t ion .  
7 m l s .  

The p l a t e  tkickened 

An at tempt  t o  see  what type of Loadings could be 
obta ined  with t h i s  p o r o s i t y  plaque us ing  tlie a l t e r n a t i n g  cur-  
r e n t  pu l se  technique at 130 cyc les  pe r  second, which was t he  
optirrun frequency determined f o r  t h e  75 percefit pcrous plaque, 
r e s u l t e d  i n  a poorly loaded pla’ie p l u s  cons iderable  p l a t e  d i s -  
i n t e g r a t i o n .  

Two o the r  f requencies  were looked a t  and they  a lso 
r e s u l t e d  i n  poorly loaded p l a t e s ,  a l though at 75 cyc le s  pe r  
second, we o b t a i n  a loading of approximately 1 gram p e r  cc .  
of vo id .  
could o b t a i n  P a i r l y  reasonable  loading  l e v e l s  using an  a l t e r -  
na t i cg  cu r ren t  pu l se  technique by optirntzil-ig t h e  condi t ions  
of frequency, cu r ren t ,  densi t? ,  time, e t  c e t e r a ,  one could 
no t  simply extend those  optimized values  t o  a plaque of d i f -  
f e r i n g  c h a y a c t e r i s t i c s .  

This  data would i n d i c a t e  t o  us that  al though one 
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For i f  one had a 75 pe rcen t  porous plaque, optimize 
t h e  condi t ions  under which one would o b t a i n  maximum loading, 
one could not j u s t  then extend those  condi t ions  t o  an 82 per-  
cen t  porous plaque. 

The f i n a l  grouping are a group of p l a t e s  which were 
loaded using t h e  a l t e r n a t i n g  cu r ren t  pu l se  technique, which 
was assymetr ic  with r e spec t  t o  the  t i m e  a x i s ,  

Here, we used an impregnation time of 12 minutes 
i n  every case.  The current dens i ty  was 1.6 amps p e r  square 
inch.  T’ne f i r s t  f i v e  e n t i r e s  i n d i c a t e  the  type of loading 
l e v e l s  whicn we obtained,  

They range f ro% 2.26 grains p e r  c c .  of void to 2.34; 
&ranis p e r  c c .  of void wl th  8n zverage 1 ml. p l a t e  thickening.  
I xi.giiL poLnt oat that t he  ratio o? the forwarb gaicg pulse  
t o  the  reve-se,  pulse f o r  a l l  of these  experiments o r  all of 
the ACPT experiments was maintained at 8 t o  I-. 

Again, we were see lng  loading l e v e l s  on the  order  
of 2.3 t o  2.4 g r a m  per  cc.  of v o i d  and t h e  th ickness  v a r i e d  
somewhat -- usua l ly  on t h e  order  of from one t o  two m l s .  

I ’ d  l i k e  t o  now summarize the program s t a t u s  t o  
d a t e  wi th  the  information g iven  on t h e  l a s t  s l i d e .  

(S l ide  93.) 

The Wright Pa t t e r son  A i r  Force c o n t r a c t  r equ i r e -  
ments says t h e  requirement i s  t h a t  t h e  p o s i t i v e  e l e c t r o d e  i s  
loaded t o  a l e v e l  of 1.7 grams pe r  cc.  of void.  We’re pre-  
s e n t l y  loading our plaque t o  1.9 grams per cc .  of void.  

We a l s o  f e e l  tha t  we know how t o  optimize the  con- 
d i t i o n s  such tha t  f o r  any plaque of any c h a r a c t e r i s t i c ,  we 
can oSta in  optimum loading l e v e l s .  
process i s  we l l  enough understood that we have i n  f a c t  o p t i -  
mized t h e  cond i t ions ,  

We a l s o  f e e l  t ha t  t h e  
’ 

With the  nega t ive  e l ec t rode ,  t he  Wright P a t .  con- 
t r a c t  requirement i s  t h a t  t h e  loading l e v e l  be 1.6 grams per 
c c ,  of void.  SJe a r e  p re sen t ly ’ load ing  plaque t o  a t  l e a s t .  
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a l e v e l  of 1.8 grams pe r  cc.  of void.  We do not  f e e l ,  however, 
i n  t h i s  i n s t ance ,  t h a t  we have s u f f i c i e n t l y  optimized t h e  
condi t ions  such t h a t  we a r e  seeing tiie most heav ie s t  loaded 
p l a t e s  that can be obtained and t h a t  f u r t h e r  e f f o r t  i s  neces- 
s a r y  with t h e  nega t ive  p l a t e s ,  

This  concludes my- talk,  

FORD: Thank you, D r .  P u g l i s i .  Okay, we have a ques- 
t i o n  here .  

LUTJSS: (Hughes) D r .  P u g l i s i ,  Figure 9 shows t h e  
p l a t e  th ickening  of -- I guess  something l e s s  than  mls. 

PUGLISI: The average p l a t e  th ickening  was 12 m l s ,  

K3AUSE: Subsequent t o  t h a t  you made a c o r r e c t i o n  
for loadifig -- r ev i scd  i t  down t o  s o m t h i n g  l i k e  1.8 grams. 
Knat i s  tne  n a t u r e  of t h e  th ickening?  

PU2LISI: KO, t h e  thickening has r e s u l t e d  from t h e  
cyc l ing .  T h F s  i s  fol lowing formation and not  a thickening.  
We're consider ing a c l ean  p l a t e  -- a p l a t e  which has been 
scruSbed and cleaned and t h e  thickening t h a t  we're looking 
a t  i s  r e s u l t e d  frora cyc l ing  of the p l a t e .  

EUUSE: i i l a t  i s  the  n a t u r e ?  Is t h e r e  a c t u a l l y  a 
s t r e t c h i n g  of t h e  s i n t e r  m a t e r i a l ?  

BUGLISI: ?io, t h i s  i s  j u s t  t he  normal growtn which 
has  been seen  i n  p o s i t i v e  p l a t e s  due t o  the swel l ing  from t h e  
cyc l ing  of t h e  p l a t e s  due t o  -- as Dr. Seiger  t r i e d  t o  a l l u d e  
t o  i n  h i s  t a l k ,  h e  considered t h e  f a c t  t h a t  yoa have these  
s t r e s s e s  wi th in  t h e  pores  of the p l a t e  which r e s u l t  from 
volume changes due t o  tiie d e n s i t y  changes i n  t h e  spec ie s  
which i s  p re sen t .  

D N G S Z :  Is t h i s ,  then, an e l a s t i c  deforrLlation of 
t h e  p l a t e  -- a n  i n e l a s t i c  deformation? 

PUGLISI: Got e l a s t i c ,  i n e l a s t i c .  

MA'CIRER: ( B e l l  Labs) I n  your cadmium depos i t ion ,  
t h e  l e a s t  grams of cc.  of void i s  based on t h e  weight ga fn?  
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PUGLISI: Yes, fol lowing formation i n  t h e  20 percent  
KOH. 

MAURER: Have you ever  analyzed the plaque f o r  t o t a l  
cadmium? 

PUGLISI: No. 

MAURER: I t h i n k  i f  you analyzed f o r  n i c k e l  hydrox- 
i d e  depos i t ,  I t h i n k  y o u ' l l  f i n d  t h a t  t h e r e  may be a substan-  
t i a l  n i c k e l  hydroxide depos i t  there as we l l  which w i l l  con- 
t r i b u t e  -- 

PUGLISI: Nickel o r  cadmium? 

MAURER: Nickel. Corrosion of t h e  plaque it comes 
from. 

PUGLISI: We're looking a t  s e v e r a l  d i f f e r e n t  pro- 
ces ses ,  so i n  one case ,  i n  t h e  cons t an t  cu r ren t  technique, 
we're always applying a ca thodic  c u r r e n t ,  so  t h e r e f o r e ,  we're 
p r o t e c t i n g  the  plaque during t h e  e n t i r e  impregnation process ,  

Now, t h i s  may be t r u e  i n  t h e  815ernat ing cu r ren t  
technique.  

MAURER: If you look a t  your loading as t h e  f u n c t i o n  
of t ime, one could e x t r a p o l a t e  t he  d a t a  p o i n t s  back t o  zero 
t i m e  and g e t  a f i n i t e  loading i n d i c a t i n g  tha t  you ' r e  g e t t i n g  
something -- a l i n e a r  reg ion  of loading  versus  t i m e  and then 
a non-l inear  component superimposed on i t .  

I t h i n k  i f  you analyze the  a c t i v e  material, y o u ' l l  
f i n d  that some of it i s  n icke l .  

PUGLISI: I t h i n k  Dr. Seiger  would l i k e  t o  comment 
on tha t .  

SEIGER: The f i rs t  comment i s  tha t  the  s o l u t i o n s  
have no green. A s  long as they have no green, we c a n ' t  p re-  
sume that  there 's  no cor ros ion .  

KROGER: That 's  no t  c o r r e c t .  

SEIGER: The form of the curve doesn ' t  appear t o  
be l i n e a r .  It looks l i k e  t h e r e ' s  a n  x p o t e n t i a l  i n  it. 
I j u s t  f o r g o t  w h a t ~ t h e  t h i r d  poin t  was. When I t h i n k  of 
i t  -- oh, yes ,  t h e  u t i l i z a t i o n s  t h a t  we're g e t t i n g  i s  some- 
t h i n g  t h a t  range i n  t h e  order  of 80 percent ,  88 percent ,  
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78 percent ,  s o  I don ' t  t h i n k  we're t oo  fa r  o f f ,  assuming that 
we have no cor ros ion .  

FORD: Dr. Kroger? 

KROGER: A s i z e a b l e  co r ros ion  was c u r r e n t .  You 
w i l l  be s u r p r i s e d  i f  you analyze i t  how much corroded n i c k e l  
you w i l l  f i n d ,  which I agree  -- your argument -- the so lu-  
t i o n  stays c l e a r ,  does not  p re sen t  the co r ros ion  tha t  s t a y s  
i n s i d e .  You'd be t te r  look i n t o  it. 

SEIGER: I have a problem because i t ' s  i n  essence 
s o l u t i o n  and n i c k e l  i n  an  essence s o l u t i o n  -- 

KROGER: Not i n s i d e  the  core .  You have cor ros ion  
occurr ing  i n s i d e  t h e  p l a t e . .  I t ' s  not  necessary tha t  the 
n i c k e l  comes ou t s ide .  Depending upon your cond i t ion  you 
can have co r ros ion  of t h e  n i c k e l  up t o  20 percent .  

SEIGER: 1'11 have t o  ask a ques t ion  then  of 
Dr. Maurer. I never looked i n s i d e  ti& cor ros ion  -- I remember 
a r e p o r t  coming from B e l l  Telephone Labora tor ies  i n  which 
you s p e c i f i c a l l y  went a t  t h e  co r ros ion  po in t  and could pro- 
duce  some experimental  evidence by reducing n i c k e l  e l ec t rodes ,  
t h a t  t h e r e  was no cor ros ion .  

MAURER: T h a t ' s  r i g h t .  

(Laughter.)  

We ' l l  t e l l  you how tha t ' s  done i n  a s h o r t  while, 
as soon as we are ready, o r  we have c l ea rance  t o  t a l k  about 
t h a t .  

BOGNER: You s t u d i e d  m a t e r i a l  u t i l i z a t i o n  as a 
f u n c t i o n  of loading?  

PUGLISI: On which -- on the negat ives  or the 
p o s i t f v e s ?  

BOGNER: E i t h e r  one. 

PUGLISI: Not over  wide ranges, no. 

SEIGER: I t ' s  t h e  pre l iminary  information that  
we have tha t  it depends upon the  p o r o s i t y  of plaque and the 
degree of loading.  The more porous i t  is ,  the greater u t i l i -  
za t ion .  T h a t ' s  very e a r l y  data. 
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DUNLOP: On your mat te r  t ha t  you p resen t  on t h e  pos i -  
t i v e  e l ec t rodes ,  you show 8 27 cyclC!ts,* you show corresponding 
u t i l i z a t i o n  inc rease  cont inuously.  
whether i t  w i l l  ever  l e v e l  o f f .  
c e n t  from the 27 cyc les .  

It wasn't  r e a l l y  c l e a r  
It got  up t o  about 118 per-  

PUGLISI: We know how -- i n .  . . that p a r t i c u l a r  i n s t a n c e  
we never d i d  go back and measure a n  a d d i t i o n a l  cyc le .  
reca l l  t h a t  data, the  p l a t e s  were removed -- 1'11 have t o  
look a t  the  s l ide  -- bu t  they  were removed and scrubbed. 

If you 

L e t ' s  see that  would be seven or e i g h t .  
(Slide' 85.) 
DUNLOP: What happens i f  you cont inue  t h e  cyc le .  

That i s  t h e  s l i d e  of t h e  24 f i g u r e s .  
cofitinue t o  go up. 

Youtre up t o  118. It 

PUGLISI: In t h i s  p a r t i c u l a r  s l i d e  does not  show 
the da ta .  We have o t h e r  d a t a  on s i m i l a r l y  loaded p l a t e s  -- 
s e v e r a l  of them -- where we have taken  the  p la tes  and cycled 
them f o r  24 cyc les .  

And what we have done i s  l i k e  remove the p l a t e s  
i fol lowing t h e  20th  cyc le ,  scrubbed the  p l a t e s  and then  x;ut 

the  p l a t e s  back i n  and then gone ahead and continued t h e  
formation -- an  a d d i t i o n a l  t h r e e  cyc le s .  

The changes begin t o  become random and very up and 
down depending upon t h e  accuracy of t h e  way t h e  formation i s  
handled, but  i n  t h a t  p a r t i c u l a r  case,  you ' r e  r i g h t .  The da ta  
does not show t h a t  i t  has, i n  f a c t ,  l e v e l l e d  o f f ,  but we have 
o t h e r  d a t a  which does say t h a t  i t  l e v e l s  of f  i n  t h a t  u t i l i z a -  
t i o n  range. . Okay? 

KROGER: I would l i k e  t o  make another  po in t  t o  the  
cor ros ion .  If I understand you c o r r e c t l y ,  t h e  weight g a i n  
you are observing a r e  i n  f u l l  agreement w i t h  u t i l i z a t i o n ?  

Don't f o r g e t  t h a t  i f  you corrode one gram of n i c k e l ,  
you make 1.58 grams of n i cke lhydrox ide ,  so $he e r r o r  you are 
making i s  no t  t h a t  bad. I th ink  you'd b e t t e r  iook i n t o  i t  
because only h a l f  of i t  o r  one- th i rd  f o r  one n i c k e l  tha t  disa 
ppears ,  t h e r e ' s  a l i t t l e  S i t  of weight ga in .  

A l l  of your co r ros ion  shows tip as weight ga in ,  be- 
cause you have t o  s u b s t r a c t  t h e  weight of t h e  n i c k e l  which 
disappeared. Therefore,  your u t i l i z a t i o n  of your nega t ive ,  
a c t i v e  m a t e r t a l  s t i l l  may be reasonable  a l though you have a 
s i z e a b l e  amount of  a t t a c k  of t h e  s t r u c t u r e .  
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hours pe r  cubic  inch  you a r e  g e t t i n g  on these  p l a t e s ?  

. 

PUGLISI: We normally j u s t  work i n  loading l e v e l s .  
I t h i n k  t h e  data was s u f f i c i e n t ,  though, you'd probably be 
able t o  g e t  t hose  f i g u r e s  out  of there. 

BELOVE: I t ' s  n i ce  t o  have them, sir, t o  compare 
with o t h e r  va lues  we have seen  i n  t he  p a s t .  

PUGLISI: Our g o a l  i n  t h i s  is  a loading l e v e l  and 
a 20 watt hour pe r  pound b a t t e r y .  

BELOVE: T h a t ' s  you g o a l ?  

PUGLISI: Yes. 

FORD: Other ques t ions  o r  comments? Discussion? 
Okay. Thank you, Dr. P u g l i s i .  Okay, a t  t h i s  t ime D r .  S c o t t  
had some comment he would l i k e  t o  make r e l a t i v e  t o  the 
merits of coining of s i n t e r e d  n i c k e l  p l a t e .  I ' d  l i k e  t o  
have Dr. S c o t t  j u s t  come up and while h e ' s  doing t h a t ,  I 
t h i n k  t h i s  w i l l  probably be the l a s t  paper .  

I b e l i e v e  the l a t e s t  word i s  they scheduled t o  
have the  c o c k t a i l  p a r t y  here  i n  t h i s  room. 

A VOICE: I t ' s  room 200 now -- f o r  the f l o a t i n g  

(Laughter . ) c o c k t a i l  par ty .  

FORD: Well, t h a t ' s  t h e  t h i r d  p l ace  we've been 
scheduledto have it .  Okay, bu t  neve r the l e s s ,  i t ' s  i n  t h i s  
bui ld ing ,  so  we won't have t o  l eave  the bui ld ing .  Room 200 
i s  r i g h t  down the  h a l l  t o  your l e f t  here. 

SCOTT: 1 t h i n k  i t ' s  been g e n e r a l l y  agreed i n  
p r i n c i p l e ,  a t  l e a s t ,  among u s e r s  of nickel/cadmium c e l l s  
for long l i f e  a p p l i c a t i o n s  t h a t  co in ing  of s i n t e r e d  p l a t e s  
is always b e t t e r  than not  coining.  

I note  t h a t  the  o r i g i n a l  ve r s ion  of' t he  i n t e r i m  
h igh- re1  spec f o r  nickel/cadmium ce l l s  dated 1969 has a 
requirement i n  t h e r e  f o r  a l l  p l a t e s  t o  be coined. However, 
i n  r e c e n t  t imes,  a number of c e l l  s u p p l i e r s  have apparent ly  
taken i s s u e  wi th  t h i s  and claim that  co in ing  i s  not  neces- 
sa ry .  

So i n  order  t o  shed a l i t t l e  more l i g h t  on the 
sub jec t ,  TRW has been awarded a c o n t r a c t  t o  look i n t o  t h i s  
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s i t u a t i o n  by J e t  Propulsion Laboratory.  This  c o n t r a c t  i s  
under the  g e n e r a l  t e c h n i c a l  s u r v e i l l a n c e  of A i j i  Uchiyama, 
w i t h  Gordon J u v i n a l l  t h e r e  as the Contract  Monitor. 

And the  o b j e c t i v e  of t he  work i s  t o  s o r t  of look 
a t  t h e  s ta te  of t h e  a r t  and make an  independant assessment,  
i f  poss ib l e ,  as t o  the r e l a t i v e  merits of co in ing  versus  
non-coining, p r imar i ly  for  l o n g - l i f e  space a p p l i c a t i o n s .  

I b e l i e v e  the f i r s t  viewgraph -- y o u ' l l  have t o  
excuse t h e  f a i n t  p r i n t  -- t h e  process  went out  of c o n t r o l  
a l i t t l e  b i t .  

( S l i d e  94.) 

To summarize t h e  tasks t h a t  we are  addressing 
ourse lves  t o  i n  t h i s  s tudy  -- t o  take  a look a t  the s ta te  of 
t h e  a r t  of coining and o t h e r  edge f i n i s h i n g  methods used 
f o r  nickel/cadmiu;n s i n t e r e d  p l a t e s  pr imar i ly ,  to o b t a i n  coined 
p l a t e  m a t e r i a l s  and t o  c h a r a c t e r i z e  them, t o  determine t h e  
coapa ra t ive  p o t e n t i a l  fer  mechanical damage during,  p r imar i ly  
during handling and c e l l  assembly f o r  non-coined and coined 
,edges,  t o  perform a v i b r a t i o n  and shock t e s t i n g  of p l a t e s  
i n  simulateci c e l l  conf igura t ions .  

These shock and v i b r a t i o n  l e v e l s  are t y p i c a l  of 
t h a t  experienced i n  spacec ra f t  -- t o  develop and apply an  
a c c e l e r a t e d  e lec t rochemica l  t e s t ,  t o  promote edge damage 
f o r  comparative purposes,  t o  perform a c c e l e r a t e d  cyc le  t es t -  
ing  of p l a t e s  i n  a c t u a l  c e l l  con f igu ra t ions  and t o  c o r r e l a t e  
mechanical and e lec t rochemica l  edge a f f e c t s  w i t h  p h y s i c a l  
and chemical c h a r a c t e r i s t i c s  of the  p l a t e s .  

We're about halfway along on t h i s  c o n t r a c t  r i g h t  
now. Some of these tasks are completed and o t h e r s  a r e  i n  
t h e  middle and some of them are no t  s ta r ted  ye t .  We have 
made a survey of the i n d u s t r y  and a r e  i n  the  process  of' 
summarizing what we found. 

I won't go i n t o  that  today. By the way, they're -- 
a n  i n t e r i m  r e p o r t  on t h i s  p r o j e c t  i s  imminent. It should 
be d i s t r i b u t e d  next  week. We have obtained sample p l a t e  ma- 
t e r ia l s  from q u i t e  a few d i f f e r e n t  sources ,  from companies 
t h a t  wished t o  p a r t i c i p a t e  i n  t h i s  e f for t .  

Some of the information 
that  I ' l l  p2esent w i l l  show some of the c h a r a c t e r i z a t i o n  data 
from these d i f f e r e n t  p l a t e  m a t e r i a l s .  We have a t  l e a s t  
t e n t a t i v e l y  a r r i v e d  a t  a n  a c c e l e r a t e d  tes t  method tha t  r a p i d l y  
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promotes edge damage t o  t h e  edges of  s i n t e r e d  p l a t e  materials 
and 1311 show you some of the r e s u l t s  we have obtained from 
t h a t  e 

We haven ' t  started the v i b r a t i o n  and shock testing. 
as y e t  and w e  have y e t  t o  do the t e s t i n g  i n  a c t u a l  c e l l  con- 
f i g u r a t i o n s ,  All of  our t e s t i n g  t o  date has been i n  the 
f looded cond i t ion  of unsupported p l a t e s .  

And I ' d  l i k e  t o  go on t o  show you some of the . 
r e s u l t s  of t h e  c h a r a c t e r i z a t i o n  tes t s  k h a t  we have run. 
The next  s l ide  shows some data from measuring the uncompressed, 
o r  uncoined th ickness ,  thea measuring the coined th i ckness  
and c a l c u l a t i n g  whatrs referred t o  as t h e  thickness reduct ion,  
which i s  the  d i f f e r e n c e  betueen coined and uncoined th i ckness  
divided by the  uncoined th i ckness  i n  percent .  

(S l ide  95.) 

The d i f f e r e n t  sources  are l a b e l l e d  by l e t t e r s  
here 

I don ' t  r e a l l y  want t o  d v e l l  on 'the actual 
supp l i e r s .  The -ini.-.g I 1  b l i L u  Q J -  2s  i - i t e i - e s t ing  i s  the wide 
range of values  of t h i c l c e s s  reduct ion  used by d i f f e r e n t  
s u p p l i e r s  

T h i s  s l i d e  shows only data f o r  p o s i t i v e  plaque, 
f o r  the f i n i s h e d  p o s i t i v e  p l a t e s  and the f i n i s h e d  nega- 
t i v e  p l a t e s .  No te  the range f o r  p o s i t i v e  plaque from 
t e n  percent  to 61 percent. . 

S i m i l a r l y  on the  p o s i t i v e  p l a t e s ,  t e n  pe rcen t  
t o  65, nega t ive  p l a t e s ,  17 percent  t o  a maximum of 63. 

These d i f f e r e n c e s  t end  t o  exp la in  the wide range 
of opinion and p r a c t i c e  wi th  regard t o ,  and a c t u a l  h is tory 



and observa t ions  wi th  regard t o  t h e  e f f e c t i v e n e s s  of co in ing  
both dui*ing manufacturing process  and during l i f e  t e s t i n g  
where such data on p la te  material i s  a v a i l a b l e .  

(Sl ide 96.) 

The next  s l ide  shows f o r  f o u r  o f  t hose  s ix  materials 
o r  so  t h a t  were on the  previous s l i de ,  s h o w  d e n s i t y  and void 
f r a c t i o n ,  The d e n s i t y  i s  a p r e t t y  d i r e c t  and s imple  measure- 
ment, I bel ieve.  

The void f r a c t i o n  was obtained by uptake of  water 
under-vacuum. One o f  the  m o s t  i n t e r e s t i n g  t h i n g s  t o  m e  i s  
the wide range of va lues  of void  f r a c t i o n  i n  the finished 
p la te  materials. 

There's sone cos t roversy  as t o  the s i g n i f i c a n c e  
of void f r a c t i o n  i n  a f i n i s h e d  p l a t e ,  but we chose to go ahead 
and see what P i e  would get. 

One of t he  purposes of co in ing  i s , t o  reduce the 
p o r o s i t y  of the p l a t e  material i n  order  t h a t  duriEg 
ixpregnat ion  it does no t  p i ck  IQ as much a c t i v e  material  and 
t h e r e f o r e  it i s  R G ~  as a c t i v e  w d e r  cycle condi t ions ,  and 
the;.efore mom stable. And, so  one of  the t h i n g s  tha t  w e  
w i l l  expect  t o  do w i t h  some of t h i s  data i s  t o  calculate what 
the r e s u l t i n g  void f r a c t i o n  i s  i n  the coined areas and see 
i f  that  c o r r e l a t e s  t o  t he  resul ts  t h a t  we get from the t e s t i n g .  

( S l i d e  974 

The next  sl ide shows va lues  of what I'm c a l l i n g  
r e l a t i v e  r e s i s t a n c e .  
but s i n c e  I don ' t  knov what the c u r r e n t  d i s t r i b u t i o n  e x a c t l y  
i s  i n  these different samples, I t h i n k  the 4 x r m  "relative:; 
r e s i s t a n c e "  i s  a l i t t l e  more less presumptive. 

Soae people  refer t o  it as r e s i s t i v i t y ,  

The va lues  shown here were obtained by using a 
four-point contac tor ,  where you supply the c u r r e n t  to two 
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Some manufacturers c u t  p l a t e s  before  t he i r  
formations.  Some do it afterward, One of t he  ques t ions  
tha t  wetd l i k e  t o  address ourse lves  t o  is, Is  it better t o  
c u t  be fo re  formation or after, o r  should you c u t  i t  a t  a l l?  

nea r  the corner, 

I 

Note t h e  c racking  produced by the cu t ,  p a r t i c u l a r l y  

Some manufacturers have the p r a c t i c e  of rounding 
off th3.s co rne r  after t h e y  c u t  off a p l a t e ,  
d o n t t  -- they  j u s t  l eave  the square  corner .  

Some manufacturers 

Is tha t  good o r  bad -- I'm no t  sure,  ye t ,  but  I 
. have some susp ic ions  e 

We're experimenting w i t h  some unconventional test  
methods t o  g e t  methods of  c h a r a c t e r i z i n g  plate  materials 
that  may c o r r e l a t e  w i t h  the f i n a l  restilts tha t  we're g e t t i n g ,  

And one o f  the th ings  t h a t  wetre i n t e r e s t e d  i n  i s  
the  b r i t t l e n e s s  and adhesion of the s i n t e r  t o  the s u b s t r a t e ,  
So after doing va r ious  th ings ,  looking a t  va r ious  methods, 
wetre s e t t l e d  f o r  t h e  moment on a method. which involves  fair- 
l y  severe  mechanical del"ol.mzttion of the p l a t e  5;; Etctually 
bending it around a 3/8 i n c h  pol i shed ,  s t a i n l e s s  steel  rod. 

j 

The way i t ' s  done i s  the s t r i p  of material, s ay  
approxirnately 1/2 inch  wide, i s  c u t  o f f  a p l a t e  and then  
bent i n  m u l t i p l e  p l a c e s  over a l e n g t h  of say, l i k e  two inches,  
and then  t h i s  bent l e n g t h  i s  then rubbed back and f o r t h  over 
the rod  s e v e r a l  times -- l i k e  sh in ing  a shoe -- and the d i f -  
f e rences  that we've seen so far are q u i t e  i n t e r e s t i n g ,  

(Sl ide 101,) 

T h i s  ?hot0 r e p r e s e n t s  one of  the better p l a t e s ,  
one of the better materials. As 
you can see, i t ' s  been coined a long  t h i s  upper edge and c u t  
o f f  here. 

T h i s  i s  a p o s i t i v e  p l a t e .  

PRECEDING PAGE BLANK NOT FILMEB 
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This  i s  one of  t h e  bet ter  looking specimens after 
w e  had performed t h i s  t e s t ,  

( S l i d e  102,) 

The next  s l i d e  shows one of the n o t  so  better 
specimenso There 's  obviously a large, s i g n i f i c a n t  d i f f e r e n c e  
between the b r i t t l e n e s s  and adhesion of the s i n t e r  t o  the 
s u b s t r a t e  between t h i s  sample and the o t h e r  one. 

Wet re ca t a log ing  the d i f f e r e n t  materials with r e s p e c t  
t o  how they  show up on t h i s  type  of  t es t ,  

The :iext sequeme a r e  sonie photographs t aken  of edges 
of  p l a t e s  t h a t  have Seen p u t  through the a c c e l e r a t e d  cyc l ing  
test tha2 I mei2tioned, 

This  t e s t ,  as i t  now i s  being done, c o n s i s t s  of 
cyc l ing  p l a t e s  a t  a c u r r e n t  dens i ty  of two amperes pe r  square 
decimeter i n  such a way t h a t  each p l a t e  i s  completely charged 
o r  discharged on each ha l f -cyc le .  

When a completely coined p l a t e  i s  t e s t e d ,  at l e a s t  
one of the coined edges i s  shezred off, s o  t h a t  we have 
a v a i l a b l e  an  uncoined, c u t  edge t o  compare with t h e  coined 
edges, 

The charge i s  taken t o  the p o i n t  of r a p i d  gass ing  
i n  both d i r e c t i o n s  -- t h a t  is ,  i n  one d i r e c t i o n  and the  
oppos i te  d i r e c t i o n .  The p l a t e s  a r e  f looded and e s s e n t i a l l y  
unsupported, The cyc le  t i m e  i s  approximately t h r e e  hours p e r  
cyc le  and t h e  t e s t  i s  c a r r i e d  ou t  u sua l ly  i n  t h e  o rde r  of 
24 hours and then  t h e  specimens are examined under t h e  
microscope. 

During t h i s  t es t ,  if any s i t e r  f a l l s  o f f ,  the  
material c o l l e c t s  i n  the bottom of t he  con ta ine r  and you can 
get an idea from t h a t  what the t o t a l  l o s s  of material is .  

Now, t h i s  i s  an admi t ted ly  severe  t es t ,  but it 
appears  t o  show some rather s i g n i f i c a n t  d i f f e r e n c e s  ranging 
a l l  the  way from p r e t t y  good t o  p r e t t y  bad. So it appears  
t o  be a u s e f u l  screening t e s t  f o r  the t i m e  being. 

(S l ide  lO3*) 
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T h i s  i s  a photograph of  a well-coined and d ie -cu t  
edge af ter  t h i s  t es t .  That  edge i s  i n  p r e t t y  good shape, 
The th i ckness  reduct ion  f o r  t h i s  m a t e r i a l  i s  about  40 percent ,  
which i s  about mid-way between the range o f  values  observed 
f o r  a l l  d i f f e r e n t  materials. 

(S l ide  104.) 

The next  photograph shows a p o r t i o n  of t h a t  same 
p la t e  but where the co in ing  had been c u t  o f f  t o  expose an  
uncoined c u t  edge, Not much ecige damage appea r s  t o  have 
occurred i n  the a r e a  i n  the  photograph. 

(S l ide  105.) 

The next  s l ide  shows a close-up of a s i m i l a r l y  c u t  
edge from t h e  same type of p l a t e ,  a f t e r  t e s t i n g ,  This  edge 
looks  i n  worse shape here .  You have some l o s s  of s i n t e r  
m a t e r i a l  here  and a gene ra l  roughening of t h e  su r face ,  Thus 
t h e r e  i s  cons iderable  v a r i e t y  even between p la tes  from t h e  
same source,  

Next s l ide? 

( S l i d e  106,) 

I showed you a while ago a t y p i c a l  u-ncoined, d ie -cu t  
corner .  
through t h i s  tes t .  Note t h e  severe damage t o  the edge. 

(See S l i d e  99.) This  i s  tha t  same p l a t e  af ter  going 

Next sl ide,  p l ease?  

( S l i d e  107,) 

This is ,  I th ink ,  one of the most i n t e r e s t i n g  ones 
tha t  I have t o  show. T h i s  i s  a photograph of the top  edge of 
a p l a t e  which, i f  y o u ' l l  n o t i c e  here, has been coined. 

' I t h i n k  people have not iced,  of ten t imes  -0 and I 
t h i n k  t h a t  Floyd mentioned ear l ier  today -- tha t  a f a i r l y  
high percentage of ce l l s  t h a t  show some edge damage t end  t o .  
show damage a c r o s s  t h e  top  edge of  the p l a t e .  

Sometimes it occurs as b l i s t e r i n g ,  I n  t h i s  case, , 

it occurred as d i s r u p t i o n  of the s i n t e r ,  r i gh t  a long the  
very t i p  edge. Note t ha t  there appears  t o  be a f a i r l y  
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even , l i n e  r ight  along here  extending r e l a t i v e l y  s t r a i g h t  a c r o s s  
where the  damage appears  t o  have stopped. 

So, here w e  have a case of a n  apparent ly  coined 
edge which behaved a l t o g e t h e r  d i f f e r e n t l y  than  the  o t h e r  
coined edges t h a t  we looked a t ,  T h i s  was on the same type  
of p l a t e  on which w e  saw a coined edge tha t  looked i n  very 
good condi t ion .  

I n  t a k i n g  a c l o s e r  look,  it t u r n s  out  t h a t  even 
though t h i s  top  edge i s  coined",  t h e  l ead ing  edge i s  no t  
c o i n e d , i n  f a c t ,  because i t  i s  tapered.  Because t h i s  i s  t h e  
very edge of the  s i n t e r e d  area of the  p l a t e ,  there i s  a 
t a p e r  t o  the s i n t e r  and when that  o r i g i n a l  t a p e r  t h i ckness  
gets down t o  being less than  the  coined th ickness ,  that  p a r t  
of t h e  s i n t e r  i s  n o t  comFressed. 

11 

Thus, w e  have here  a s i t u a t i o n  where the i n n e r  p a r t  
o f  the  coined bokder i s  compressed and i s  t h e r e f o r e  s t rengthened 
and pro tec ted ;  an6 then  we have a l e a d i n g  eage, which i s  
r e a l l y  not ,  i n  fact ,  coined and so the a t t a c k  occurs a long t h a t  
a r e a  whicn i s  r e p r e s e n t a t i v e  of uncoined m a t e r i a l .  

Kow, t h e r e ' s  a number of r a n i f i c a t i o n s  of t h i s .  
it t u r n s  out  t h a t  on t h i s  szxe p l a t e  anci on o thers ,  i f  you 
look a t  t h i s  same s i t u a t i o n  on t h e  t a b ,  where there i s  a 
t ape r ,  you don ' t  see t h i s  damage occurr ing.  

Apparently,  what 's  happened here i s  tha t  i n  trimming 
of f  the very t i p  edge of t h i s  tapered  and uncompressed 
material, poss ib ly  the  very edge has been c u t  o f f  and 
exposed and i s  able t o  absorb e l e c t r o l y t e  and produce a 
d i f f e r e n t  effect  than  you get  when you don ' t  c u t  o f f  the 
feather edge of that  coining.  

( S l i d e  108,) 

The next  s l ide  shows some a d d i t i o n a l  photographs 
t h a t  were taken of edges of plates t o  get  a be t te r  idea of 
what the t a p e r  looks l i k e ,  Here you see an edge-on view of 
a p l a t e  looking a t  the  p l a t e  from t h e  edge n e a r e s t  t h e  t a b ,  

You can see the  o r i g i n a l  uncoined th i ckness  here 
and you can see t h e  th ickness  of the coined edge running 
a l l  a long  t h i s  side and here you can see t h i s  b i g  t a p e r  up 
here which, i f  you look  a t  the face view, it looks  l i k e  i t  
is  coined. But, indeed, it i s  no t  i n  the tapered region*. 
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The next  s l i d e  i s  a s i m i l a r  view of a p l a t e  from a 
d i f fe ren t ,  source where we have an even longer ,  s k i n n i e r  t a p e r .  
T h i s  sakes il; even more d i f f i c u l t  t o  proper ly  compress the 
very top end of tha t  p l a t e  material t o  obta in  t h e  b e n e f i t s  of 
COMi .Z lg*  

Here, again,  you can see, .somewhat ou t  of focus,  the  
original w c o i n e d  th i ckness  of the p l a t e  i n  t h e  background, 

The next  s l i d e ?  

( S l i d e  110.) 

Here i s  an  edge view, looking down the  edge of  a 
p l a t e  from the s ide  oppos i te  t h a t  of the  t a b ,  
baa ;  here out of focus ,  You can s e e  here where t h e  top  
edge cf t h i s  p la te  was tri-wed o f f .  
nave trimmed it 'down t o  the  p o i n t  where almost no tapered  
mzzer ia l  i s  l e f t .  T h i s  i s  proSa5ly going t o  be a p r e t t y  good 
co in ing  iob  zt t h e  top  end and not  experience any dmage ,  

The t a b  i s  

Thus, they happened t o  

( S l i d e  111.) 

This i s  an  end-on view of  t h e  t o p  edge of another  
p l a t e  which shows t he  co in ing  a t  the t o p  i n  p r o f i l e ,  where 
the co in ing  shoulder  i s  here -- the  uncoilled area i s  back 
hzre  and you see the  top  end has been c u t  o f f  during the 
normal d i e -cu t t i ng  of the p l a t e ,  

LANDER: May I a s k  a ques t ion  before  you go on? 
Is tha t  black area wetre looking a t  j u s t  before  the  shoulder  
a void? It looks l i k e  it could be a void. 

SCOTT: I can' t  remember r i g h t  now, Johr.. You know, 
there are some c o l o r  d i f f e r e n c e s  along these edges. t h a t  tend 
t o  be confusing. I j u s t  don ' t  remember i n  t h a t  case. 

Thus, there appears  t o  be a cons iderable  v a r i a t i o n  i n  
the r e g i s t r a t i o n  between co in ing  and the  f i n a l  d i e -cu t t i ng  of 
the  p l a t e s ,  Since t h a t  v a r i a t i o n  a l l  seems t o  occur i n  t h i s  
tapered area, i t  l o o k s  l i k e  that  can in t roduce  a large 
v a r i a t i o n  in t he  s u s c e p t i b i l i t y  o f  the t o p  edge of the p l a t e  
t o  dmage uader cyc l ing  condi t ions ,  So t h i s  i s  something 
whkh needs t o  be n a i l e d  down i n  the terms of  process  con t ro l ,  

Do you have any more, o r  i s  that  the las t  one? 
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A VOICE : That r s t h e  l as t  one . 
SCOTT:. Okay, I guess  t ha t ' s  a l l  t h a t  I have t o  say,  

FORD: Okay. Ques t ions?  

HENDEE: F i r s t  of a l l ,  I wondered i f  you no t i ced  
any kind of d e t e r i o r a t i o n  i n  the crack t h a t  forms i n  the 
i n t e r f a c e .  

SCOTT: F i r s t  of a l l ,  we have j u s t  g o t t e n  our t o e  
i n t o  the water,  and s o  t h e  number of tests we have run s o  
f a r  i s  r e l a t i v e l y  small, And, you know, I don ' t  know how 
r e p r e s e n t a t i v e  exac t ly  any remark I might have t o  make a t  
t he  moment i s  going t o  t u r n  ou t  t o  be. 

, 

However, s o  far we have not  seen any e f f e c t  a t  
t h a t  c rack  along the  shoulder.  I be l ieve  what happens i s  
t h a t  t h a t  crack Torrns -- of course,  you may o r  may no t  be 
aware that, i n  g e n e r a l  a t  l e a s t ,  I be l ieve  t h a t  al.1 t h e s e  
p la tes  a r e  coined p r i o r  t o  i rq regna t ion ,  s o  t h a t  c rack  
occurs i n  the unpregnated ma te r i a l ,  excuse me, 

Durir,g impregnation t h a t  c rack  gets  coated, f i l l e d ,  
cenentea wi-tn a c t i v e  mater ia l .  So it does no% behave l i ke  a 
c rack  which forms af ter  impregnation, and so  it i s  a crack  
of a d i f f e r e n t  na tu re  than  those that  may form by c u t t i n g  and 
f l e x i n g  and damaging a p l a t e  af ter  formation, 
expect t h a t  c rack  t o  behave the same way. 

So, I would n o t  

HENDEE: I know c e r t a i n  companies r e j e c t  any 
placques p r i o r  t o  impregnation formation on what appear t o  
be  maybe tha t  s i z e .  I w a s  j u s t  wondering i f  you have seen 
d e t e r i o r a t i o n  i n  tha t .  What I was r e a l l y  aiming a t ,  have you 

considered any kind of a tapered p lane?  

SCOTT: We are cons ider ing  v a r i a t i o n s  on the normal 
form of coining, and we d i d  a s k  a number of manufecturers 
whether they  were aware of  o r  had used o t h e r  shapes and types  
of coining.  There wasn ' t  much information ava i l ab le .  

There was a gene ra l  f e e l i n g  that ,  yes,  there are 
probatily be t te r  ways of co in ing  than a r e  being used r i g h t  
now, but no t  much opinion o t h e r  t han  t h a t ,  

FORD: Stan  Erause. 

KRAUSE: I know of a t  least  one manufacturer who 
has assembled probably thousands of c e l l s  which have been 
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flown and t e s t e d  and c u t  t o  edges of t h e i r  plates ,  I was 
wondering i f  you could g ive  m e  a n  idea what t h e  value rates 
of these c e l l s  have been with regard t o  edge degradat ion,  

b 

SCOTT: No, offhand I could no t ,  I feel  t h a t  there 
have been probably q u i t e  a f e w  s h o r t i n g  f a i l u r e s  t h a t  have 
r e s u l t e d  from t h i s  cause t h a t  have remained u n i d e n t i f i e d  
because of the problems of des t roying  evidence when c e l l s  are 
taken a p a r t ,  

But I c o u l d n ' t  r e a l l y  say ,  o t h e r  than  t h a t ,  The , 
approach t h a t  w e  are t ak ing  here i ;  looking a t  very long 
l i f e ,  very 'high r e l i a b i l i t y  a p p l i c a t i o n s ,  where we c a n ' t  
very well p r e d i c t  the e f f e c t  of t i m e ,  
j u s t  want t o  get  a be t te r  handle on some of the more obvious 
problems tha t  might be encountered. 

And so, you know, w e  

FORD: J u s t  one comment, S t an ,  I mentioned e a r l i e r  
t h e  f i rs t  c e l l  f a i l u r e  tnat occurred i n  the r ea l  t ime syn- 
ciironous o r b i t  t e s t  a t  Cra:?e, and t h a t  was l i k e  a f t e r  f o u r  
and a h a l f  t o  f i v e  years, was a t t r i b u t e d  t o  the d e s t r u c t i o n  
of t h e  p o s i t i v e  p l aze  around t h e  t a o  a rea ,  around the coined 
area up a t  the  top  of the  p l a t e  and on the p l a t e  edges t h a t  
were c u t o  

Which one caused t h e  c e l l  t o  s h o r t  wasn ' t  known, 
but both areas looked very bad, and I viov.ld be g lad  t o  show 
you those  photographs i f  you would l i k e  t o  see them a t  a 
la te r  time. 

I hate t o  c u t  t h i s  sho r t ,  bu t  t h e  c o c k t a i l  hour 
was supposed t o  s tar t  a t  a q u a r t e r  of s i x ,  and the people 
are wa i t ing  f o r  us. 
around the hallway, 200 i s  s t ra ight  a c r o s s  from us here, 

If you w i l l  j u s t  follow t h e  guys r ight  

And we  w i l l  see you i n  the  morning a t  9 o ' c lock ,  
We have a l o t  of material t o  cover,  so I ask you t o  p l ease  
be prompt, because we 

(I? he r eup on, 
recessed  t o  reconvene 

are going t o  get  started sharp ly  a t  9. 

a t  6:05 p.m., the proceedings were 
a t  9 a.m. the  next  day,)  
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